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PROCEEDINGS 

OF  THE 

CHEMICAL  ENGINEERING 


GROUP. 


Vol.  3  &  4 


Price  10/6 


ENAMELS 

AND  PRINTING 

INKS   MADE   IN 

ONE  OPERATION 

WITH  SOFT 

PIGMENTS 

40  -80 

.  galli.  per  hour. 


COMPLETE 

EXTRACTION 

OF  ANIMAL  AND 

VEGETABLE 

TISSUES 

500-1000 

Ibe.  per  hour. 


MINUTE 

DISINTEGRATION 

OF 

DYESTUFFS 

AND 
ORGANIC 
CHEMICALS. 


MAKES  ^ 

EMULSIONS 

THAT  CAN  BE 

BOILED  or  FROZEN 

AND    REMAIN 

STABLE 

UP  TO  1200 

8aIU.  per  hour.  A 


THE 


PREMIER  FILM  MILL 

for     intensive     mixing, 

EMULSIFYING 

and  extraction  problems 


CONTINUOUS 
WASHING  OF 
NAPTHAS. 

BENZENE. 

PETROL. 

TOLUOL  etc 

1000-1200 

galli    per  hour. 


DISINTEGRATION 
OF  PAPER  PULP 
AND  PERFECT 
SATURATION 
OF  FILLERS 

1000  -  1500  lb..  »(  in 
pulp  per  hour 


GIVES  AS  A 

CONTINUOUS 

PROCESS    THE 

INSTANTANEOUS 

EXTRACTION   OF 

TAR 

ACIDS  FROM 

TAR  OILS 

200 -300 

.         galli  per  hour.         . 


THE  RAPID 

MANUFACTURE 

OF  ALL 

PHARMACEUTICAL 

EXTRACTS 

INCLUDING 

ALKALOID  AND 

.    ESSENTIAL  OILS    „ 


GREATLY 
FACILITATES 
THE      SOLUTION 
OF  DIFFICULTLY 
SOLUBLE  BODIES 

UP  TO  2000 
l*bi.  per  hour. 


DISINTEGRATES 

IN    SUSPENSION 

MOST  SOFT 

SOLIDS 


50- 1500 

lbi.  per  hour. 


THE  PREMIER  FILTERPRESS  CO.,  LTD., 

Finsbury  Pavement  House, LONDON,  E.C.2. 
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HUMPHREYS  &  GLASGOW 


LTD. 


BLUE  WATER  GAS 

FOR 

WELDING,  ANNEALING,  SHAPING,  MELTING 

AND  BRAZING;   ALSO  MANUFACTURE 

OF    HYDROGEN    GAS. 


HYDROGEN 


FOR 

OIL  HARDENING,  SYNTHETIC  PROCESSES, 
AERONAUTICAL  &  OTHER  PURPOSES. 

BY    NEW    PROCESS 

SECURING     HIGH     PURITY 

LOW    COST    OF    PRODUCTION    AND 

LOW    COST    OF    INSTALLATION 


38,    VICTORIA  STREET, 

LONDON,     S.W.  1. 
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JOHN  F.  CARMICHAEL  &  CO 

LIMITED. 

Chemical  Engineers  and  Contractors, 


TOWER      BUILDING,      LIVERPOOL 


PLANT  for  the  HEAVY  CHEMICAL  TRADE 

SULPHURIC  ACiU  PLANT 

(STEEL  FRAMEWORK) 

Patent  Glass-Packed  Towers 

Patent  Mechanical  Burner  for  Spent  Oxide 

Ammonia  Oxidation  Plant 


Complete   Installations   for   Superphosphate 
Ferro-Concrete  Mechanical  Dens 


SOLVENT 

EXTRACTION 

PLANT 


Telegrams:    "  GAYLUSSAC,  LIVERPOOL."  Telephone:    CENTRAL  5265 


PROCEEDINGS   OF  THE  CHEMICAL   ENGINEERING    GROUP. 

fiiiiiiiiiiiiiiiiiii 

J£.              ^^L                                                      ^*^^ 

fl^\    ,     .  .                  IS                                                               Atf^Mr^^tfl^ 

^Kwrm\  -V                 ■fflMritii^ii  ir^^^^MMMTflwl  'mittL 

•  '^mJK^^^KB^ 

Ei     ^^     ^8  Efvstev* 

F9l%^  h    i  ra                                                       ^B^^Jjp 

w**"'*"" 

mill!!; 


Send  Your  Enquiries  for: 

CENTRIFUGAL 
MACHINES 

DRYING 

MACHINES 

EVAPORATORS 

FILTER  PRESSES 

MIXERS,  &c. 

MANLOVE,  ALLIOTT 

and  CO.,  LTD., 

ENGINEERS,  NOTTINGHAM. 

London    Office  : 
41    &   42,   Parliament  Street,   S.W.  1. 
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The  Scott  Evaporator. 


PHOTOGRAPH  OF  SEXTUPLE  EFFECT  EVAPORATING  PLANT. 
CAPACITY     450     TONS     PER     DAY     WITH     1NTERHEATERS. 

SEND  US  YOUR  ENQUIRIES  FOR  EVAPORATING. 

DRYING,     DISTILLATION,     EXTRACTION,     SOAP, 

AND    ALL    CLASSES    OF    PROCESS    AND   WASTE 

RECOVERY    PLANTS. 


George  Scott 

and  Son 

(London)  Ltd., 


THE      CHEMICAL        ENGINEERS        Ernest  Scotl 


Kingsway  House, 

London,  W.C.2. 


»nd  Co.,  Ltd. 
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CHEMICAL   PLANT 


MANUFACTURED 

ERECTED 

OPERATED 


Specialities  : 

Autoclaves, 

Boiling  Plant,  Steam  Jacketed, 

By-Product  Plant, 

Condensers, 

Coolers, 

Crystallisers, 

Degreasing  Plant, 

Digestors, 

Distillation   Plant, 

Dryers, 

Dryers,  Vacuum, 

Evaporating    Plant, 

Extraction  Plant, 

Fractionating   Columns, 

Heat    Exchangers, 

Mixing  Plant, 


Multiplex  Patent  Film  Evaporators, 

Pans,  Evaporating  &  Heating, 

Pans,  Steam  Jacketed, 

Pans,  Vacuum, 

Preheaters, 

Rectification  Plant, 

Solvent  Recovery  Plant, 

Simplex   Patent   Film   Evaporators, 

Stills, 

Stills,  Steam  Jacketed, 

Stills,  Vacuum, 

Sulphate  of  Ammonia  Plant, 

Tannin  Extract  Plant, 

Tar  Distillation  Plant, 

Washers,  Gas, 

Wood   Distillation   Plant. 


CHEMICAL  PLANT  DESIGNED  and 
MANUFACTURED  TO   SUIT  SPECIAL   REQUIREMENTS. 


BLAIR,  CAMPBELL  &  McLEAN,  Ltd. 

MANUFACTURERS  OF  ALL  TYPES  OF  CHEMICAL  PLANT  EQUIPMENT. 


GOVAN, 


GLASGOW. 


ESTABLISHED    1838. 
LONDON  OFFICE:    SARDINIA  HOUSE,  KINGSWAY. 
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THE  OLD! 


ORDINARY  QUADRUPLE   EFFECT 


VACUUM     EVAPORATOR. 


THESE  TWO    PLANTS   ARE   SHOWN    TO   THE   SAME   SCALE 

AND    HAVE    THE 

SAME  EVAPORATIVE  CAPACITY 

AND   THE 

SAME    THERMAL    EFFICIENCY 


FOR    PARTICULARS    APPLY    TO:— 
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THE  NEW! 


AUTO-CONDENSER     EVAPORATOR 
(PRACHE  &  BOUILLON   PATENTS.) 

(SPACE    OCCUPIED    1  5'-3"  x  1  4'-0"  x  2T-6" 
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P.  &  B.  EVAPORATORS,  Ltd. 

SOLE    LICENSEES    OF    LA    SOCIETE    GENERALE     D'EVAPORATION,     PROCEDES 

PRACHE  &   BOUILLON,  PARIS, 

FOR   THE  UNITED  KINGDOM,   BRITISH   COLONIES  &  DEPENDENCIES, 

75,     VICTORIA     STREET, 
LONDON,  S.W.  1. 
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VACUUM    DRUM    DRYER 


BUFLOVAK 

Vacuum  Dryers 
Evaporators 


VACUUM   SHELF   DRYER 


I"  "|    "V  VER  since  introducing  the  names  "  Buflovak" 

[~V  and  "  Buflokast  "  into  the  vocabularies  of 
various  industries,  they  have  stood  for 
certain  well  defined  principles  of  manufacture  and 
a  definite  standard  of  service. 
Back  of  every  piece  of  "  Buflovak  "  and  "  Buflo- 
kast "  equipment  stands  many  years  of  experience 
in  the  manufacture  and  development  of  drying, 
evaporating  and  chemical  apparatus.  The  name 
"  Buflovak  "  is  applied  to  our  various  lines  of 
vacuum  apparatus,  including  vacuum  dryers, 
evaporators,  sugar  machinery,  stills,  retorts  and 
other  vacuum  equipment.  The  name  "  Buflokast  " 
is  applied  to  our  line  of  chemical  apparatus  and 
special  castings  for  the  chemical  and  other  trades. 
Behind  these  names  stands  a  co-operative  service 
policy,  made  good  by  an  organization  of  experi- 
enced engineers  and  chemists,  and  backed  by  our 
laboratory-controlled  plant. 

BUFFALO  FOUNDRY  & 

1629  Fillmore  Ave., 


HORIZONTAL   TUBE   EVAPORATOR 


DRY    VACUUM   PUMP 
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BUFLOKAST 

Chemical 
Equipment 

Some  of  our  Products  : 
VACUUM   DRYING    APPARATUS 

Vacuum  Drum  Dryers  for  drying  Liquids.  Vacuum 
Shelf  or  Oven  type  for  materials  that  are  best  handled 
in  pans  or  trays.  Vacuum  Rotary  type  for  materials 
that  permit  agitation.  Dry  Vacuum  Pumps,  Con- 
densers, etc. 

EVAPORATORS 

Built  in  several  standard  types  for  evaporating  and 
concentrating  solutions  of  all  kinds,  and  separating 
solids  from  liquids.     Single  and  multiple  effects. 

CHEMICAL    APPARATUS 


Phenol  Stills. 
Denitrators. 
Acid  Eggs. 
Crystallizers. 
Vacuum  Ovens. 
Fusion  Pots. 


Nitrators. 

Reducers. 

Sulphonators. 

Autoclaves. 

Caustic   Pots. 

Nitric  Retorts. 
Complete  Nitric  Acid  Plants. 

Sulphuric  and   Nitric   Acid   Recovery  and   Concentrating 
Plants. 
Special  Chemical  Castings  and  Apparatus. 


MACHINE  COMPANY 


RAPID    CIRCULATION    EVAPORATOR 


Buffalo,  U.S.A. 


VACUUM    CRYSTALLIZER 


BUFLOKAST 


SULPHONATOR 


NTTRATOR 


CAUSTIC    KETTLE 
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W.  c.  Holmes  &  Co.,  Limited 

GAS,    CHEMICAL    &    GENERAL    ENGINEERS    &    CONTRACTORS 


"Holmes  Plant"  for  Chemical  Works 


#  .^ 


EFFICIENCY 

—    &    — 

ECONOMY 

GUARANTEED 


•3w    *J5 


SPECIAL     CASTINGS,     RIVETED     &     WELDED     TANKS,     PIPES,     ETC. 


Whitestone   Ironworks,   HUDDERSFIELD 


MECHANICAL  ROASTING  FURNACES 

for  Pyrites,  Spent  Oxide,  Blende,  Tin  or  Lead  Ores.    Herreshoff  &  "  H.H."  Types. 

Capacity  from   3   to    20  tons  or   more  in   24   hours. 

PLATFORMS,    STAIRCASES    AND     ACCESSORIES     OF    ALL    KINDS. 


Sulphuric  Acid 
Plants. 

Kessler  &  Gilchrist 
Concentrators. 

Acid-Proof 
Masonry  and    Cement. 

Superphosphate  Den  Excavator. 

Dust-Catchers. 
Elevators. 
Conveyors. 
Crushing  Plant. 

H.H.  Vibrating  Screen. 

H.H.  Universal  Ore 
Concentrating  Table. 

Installations  designed, 
erected  and  started. 

Old  Plants  reconstructed 


HUNTINGTON,     HEBERLEIN    &    Co     Ltd. 

METALLURGICAL,     CHEMICAL     &     MECHANICAL     ENGINEERS, 

18,  Iddesleigh   House,   Caxton   Street,    London,  s.w.  i. 
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ESTABLISHED    1829. 


BR1NJES  &  GOODWIN,  Limited 


Head  Office  &   Works  i 


36,  COLD  HARBOUR,  POPLAR,  LONDON,  E.14 

Branch   Works : 

READING    ENGINEERING    WORKS,    READING. 


ENGINEERS  for  the:— 

Paint,    Printing    Ink,     Preserving,     Chemical, 
Explosives  and  Glass  Trades. 


SPECIALISTS  in: 

Mixing,  Grinding,  Extracting,  Filtering, 
Evaporating  and  Drying  Machinery. 


MAKERS  of:— 

The  Patent  "HELIX"  Triple  Boiler 
The  Patent  Positive  Driven  Edpe  Runner  Hill 

etc.,  etc. 
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BABCOCK  &  WILCOX 


LTD. 


WATER-TUBE  STEAM  BOILERS. 

22,800,000  h.p.  Land  Type  and  Marine  Type 
supplied  or  on  order. 

ARRANGED    FOR   COAL   OR   OIL   FIRING. 
Also  Makers  of  "Express"  Type  Light-weight  Boilers 


BABCOCK  &  WILCOX  ALSO  MANUFACTURE 
Steam  Superheaters.  Electric    and    Oil    Driven 


Mechanical  Stokers. 

Economisers. 

Soot  Blowers. 

Feed  Water  Heaters. 

Structural  Steel  Work. 

Steel  Chimneys, 

Steel  Piping  Plants. 


Cranes. 
ElectricCharging  Machines. 
Water        Softeners        and 

Purifiers. 
Coal  and  Ash   Conveyors. 
Suction  Ash  Plants. 
Liquid    Fuel    Equipments. 
Patent  Boat  Davits. 


All  Boiler  House  Accessories. 


BABCOCK    &  WILCOX    BOILERS  are  constructed 

to  suit  all  conditions  ot  working,  and  they  can  be  fired  with 

any  kind  of  fuel. 


Telegrams : 
'  Babcock,  Cent,  London." 


Telephone  No. 
City  6470  (8  lines,) 


HEAD   OFFICES: 

ORIEL  HOUSE,  FARRINGDON  STREET, 
LONDON,  E.C.4. 

Principal  Work.:      RENFREW,  SCOTLAND. 

Branch  Works :  Dumbarton,  Scotland;  Oldbury,  England; 
also  in  Italy,  Australia  and  Japan. 


Positive  Acting 
Rotary  Pumps. 


Called  by  Explosive  Works  Engineers 
•'The    Pump    of    the    War." 

Duties  — 

CHILLED  LARD 
.MARGARINE 
COED  BRINE 


ACID 

CHEMICAES 

WINE 

BEER 

SOAP  SOLUTION 

MILK 


COLD  COAL  TAR 
PRECIPITATES 
BENZOL,  &c. 


WILLIAM  DOUGLAS  &  SONS,  LTD. 

Dougla.   Wharf,  PUTNEY,   LONDON,  S.W.  15. 


WILTON'S 


BY-PRODUCT   PLANTS 

INCLUDING 

SULPHATE  OF  AMMONIA 

NEUTRAL  SULPHATE 

BENZOL 

TAR   DEHYDRATION 

TAR    DISTILLATION 

SULPHURIC   ACID 

CARBOLIC  ACID,    &c 


LIMING   APPARATUS 

□        □        D 

SATURATORS 
SPARE    PARTS 
LEAD   REPAIR   WORK 

ana 
New  Process  for  Regenerating 
OLD  WASH    OIL 


ADDRESS    ENQUIRIES 


THE  CHEMICAL  ENGINEERING  AND  WILTON'S  PATENT  FURNACE  CO.  LTD. 

(Dept.  S), 

76,  VICTORIA   STREET,  LONDON,  S.W.  1 . 

Telephone:    VICTORIA  2417.  Telegrams:    EVAPORATOR.  PHONE,   LONDON 
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Sole  Makers  of 

Foster's 
Patent  Evaporator 

Soap  -  Cooling  Machines 
Caustic  Soda  Plant 
Condensing  Plant 
Air  Pumps  &  Compressors 

R  econst  rue  t  ion  s 
Specialty 


a 


On  Admiralty  and  War  Office  Li$ts. 


Tele  gram  » 

"Vulcan,  Paisley." 

Codes:   ABC.  5th 

Ed.  Engineering, 

Western  Union, 

Marconi  Inter. 


fflllerbi\.noJflarUD 

^- pars  LEY 


Telephones  ■ 

2163-4  Paisley. 

'rivate  Branch 

Exchange. 


For  the  JaLoratory 
For  the  Works 


CHEMICAL  ENGINEERS 

should  keep  this  unique  material  in  view  when  recon- 
structing old  or  designing  new  plant.  In  addition  to 
its  application  to  standard  practice  its  resistance  to 
severe  temperature  conditions  and  acids  combined  with  its 
uniform  purity  (99-8  %  Si02),  have  rendered  commercially 
successful  operations  which  would  otherwise  be  impossible. 


The  Thermal  Syndicate  Ltd. 

vitreosil  Works,  wallsend-on-TYne. 
London  Depot,  28  Victoria  St,  S.W1. 
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KORTING  BROS 

(1917)    LTD., 

64,   VICTORIA    STREET, 
WESTMINSTER,    S.W.  1 . 


Universal  Injectors. 

Steamjet  Elevators  for  lifting 

liquids. 

Lead  Elevators  for  lifting 

acids. 

Silent  Water  Heaters. 

Steamjet  Air  Compressors. 

Agitators  &  Vacuum  Ejectors. 

Gas-producer  Blowers  and 

Undergrate  Blowers. 

Waterjet  Ejectors  &  Elevators. 

Multijet    Ejector    Condensers 
for  High  Vacua. 

Water  Cooling  Plants. 

Gilled      Pipes     and     complete 
Drying     and     Heating    Plants. 

Spray  Nozzles. 


DESIGN  AND  ERECTION 

OF 

NEW  WORKS  AND 
EXTENSIONS. 

CHEMICAL  AND  METALLURGICAL 
PLANTS. 


RIDGE    ROASTING   FURNACE    AND 
ENGINEERING    CO., 

2,   GREAT    WINCHESTER  STREET, 
LONDON,  E.C.2. 


Telephone: 
LONDON  WALL  7879. 


Telegraphic  Address: 
RIDGENZIE,  STOCK,  LONDON. 


PLACE    THIS    HOOK 
ON  YOVR  DESK. 


Handbook  of 
Chemical  Engineering. 


A 


DONALD  M.  LIDDELL, 

Editor-in-Chief,  assisted  by  30  specialists. 

1008    pages,    6    by    9,    flexible,    fully   illustrated.      Two 

volumes    (not   sold   separately)    per  set. 

l'rice  £2  net,  post  paid. 
description  of  those  features 
essential  to  practically  all  of 
the  chemical  industries  of  the 
country.  Basic  principles  are  em- 
phasized, and  each  section  usually 
ends  with  a  number  of  specific 
industrial  applications,  preferably 
in  varied  lines. 

The  authors  are  among  the  leading 
chemical  engineers  in  the  country. 
The  standard  information,  tabu- 
lated data,  and  suggestions  pre- 
sented by  these  men  make  the  book 
of  definite  value  to  the  chemical 
engineer. 

May     we     send     you     particulars  ? 
McGRAW-HILL  PUBLISHING  CO.,  LTD.' 

6    &    8,    Bouverie    Street,    LONDON,    E.C.  4. 


THE    PIONEER    PROCESS 

FOR 

NEUTRALISING, 

DECOLORISING,    DRYING, 

AND    GRANULATING 

SULPHATE  of  AMMONIA 

(LINDER-LESSING  PATENTS). 


LESSING    PATENT 

CONTACT  RINGS 

FOR    DISTILLING     COLUMNS, 

ABSORPTION    TOWERS, 

GAS    SCRUBBERS,  TAR   EXTRACTORS. 

MANY    APPLICATIONS    IN    WORKS     AND 

LABORATORY. 


HYDROGENATION 

BY   IMPROVED 

NICKEL    CARBONYL    PROCESS. 

EXISTING    INSTALLATIONS    ADAPTED. 

THE 

HYDRONYL   SYNDICATE,   LTD., 

27,    CLEMENT'S    LANE,    LONDON,    E.C.  4. 
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iflRRLEEs 


PUMPS    for 

EFFICIENT  VACUUM 

RECIPROCATING,    ROTARY    OR 
STEAM      EJECTOR     TYPES. 

EVAPORATORS 

SINGLE    OR    MULTIPLE   EFFECT 

For  the  Concentration  of  Caustic  Soda, 
Glue    and     Residual     Trade     Liquors. 

Specialists  in 

STEAM  CONDENSING  PLANT. 

Illustrated  Catalogue  on  Application. 

^IRRlEES  j^/lTSON  CD™NV 


Head  Office  &  Works  - 
London  Office 


Scotland  Street,  Glasgow. 
Mirrlees  House,  7,  Grosvenor  Gds.,  S.W.  1. 


Steam  Ejector  Air  Pump 
for  High  Vacuum. 


ACKROYD  &  BEST, 

LTD., 

MORLEY,  near  LEEDS. 

(Works  cover  4J  acres.) 

JCTVAL  MAKERS  OF  .— 

Glassware,  Heat-resisting  and  Chemical. 

Glassware  for  all  lighting  purposes — Clear,  Opal 
or  Coloured. 

Miners'  Safety  Lamp  Glasses  (Oil  and  Electric). 

Stampings  and  Pressings  in  all  Metals. 

Mottoes,  Tokens,  Coins,  &c. 
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W.  J.  FRASER  &  Co.  Ltd. 

ENGINEERS,  DAGENHAM,   ESSEX. 

Manufacturers    of    Mild   Steel    Tanks,   Autoclaves,     Mixers,     High     Pressure 
Steel    Vessels,    Stills,    Condensers    and    Conveyors. 


-w  lr-'  — 
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V.'    J.   FBAS£«   A   CO    LD 


CHEMICAL   PLANT   MANUFACTURERS. 
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W.  J.  FRASER  &  Co.  Ltd. 

ENGINEERS,  DAGENHAM,   ESSEX. 

Manufacturers    of    Mild    Steel    Tanks,   Autoclaves,     Mixers,     High     Pressure 
Steel    Vessels,    Stills,    Condensers    and    Conveyors. 


CHEMICAL   PLANT   MANUFACTURERS. 


The  Chemical  Engineering  Group  as  a  body  does  not  hold  itself 
responsible  for  the  statements  of  fact  or  opinions  advanced  in  papers 
and   discussions   at   its    meetings   and   recorded   in    its    Proceedings. 


J.  ARTHUR   REAVELL,  M.I.M.E.,  M.I.Chem.E. 
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The  Volumes  of  Proceedings  of  the  Chemical  Engineering  Group  for  the  years  l!i21 
and  1922,  issued  annually  prior  to  1921,  an  published  together  for  the  years  mentioned,  partly 
for  economic  reasons  and  partly  because  the  matter  to  be  included  in  the  volume  for  each  year 
separately  is  relatively  smaller  than  usual.  The  Group  Committee  propose  to  adopt  this  plan 
in  future  whenever  circumstances  seem  to  render  such  a  course  advisable. 


The  review  given  hereunder  of  the  work  of  the 
Chemical  Engineering  Group  subsequent  to  the 
issue  of  Volume  II  of  its  Proceedings,  covers  the 
years  1921  and  1922,  and  is  a  record  of  continued 
effort,  under  circumstances  of  extraordinary  diffi- 
culty, towards  success  which  was  in  large  measure 
achieved.  The  close  of  the  year  1920  was  in  England 
synonymous  with  a  phenomenal  trade  slump,  which 
was  continued  in  greater  severity  during  1921,  and 
to  a  large  extent  during  1922.  'Consequently,  the 
Chemical  Engineering  Group,  like  many  similar 
Scientific  Societies,  experienced  a  pronounced 
diminution  in  its  membership,  and  had  perforce  to 
curtail  many  of  its  normal  activities  owing  to  lack 
of  funds.  The  falling  off  in  subscriptions  was  not 
severe  during  1921,  as  payment  is  due  on  January  1 
in  any  year,  and  consequently  the  revenue  from 
members  was  only  5  less  than  the  figure  for  1920. 
In  1922,  however,  the  full  force  of  the  trade 
depression  became  apparent  and  expressed  itself 
as  a  20  drop  in  the  Group's  membership  and 
in  the  income  derived  therefrom.  It  became  neces- 
sary  to  alter  the  Group's  programme  to  anticipate 
the  new  conditions,  and  the  Conferences  of  former 
years  were  replaced  in  1921  by  a  number  of  smaller 
meetings  as  specified  later.  This  course  was  adopted 
for  the  further  reason  that  the  Society's  Annual 
General  Meeting,  at  which  in  former  years  the 
Group  had  arranged  a  Conference,  was  in  1921  held 
in  Canada. 


In  this  year  likewise  (1921)  arrangements  were 
made  by  the  Group  Committee  with  the  Council  of 
the  Society  for  a  closer  co-operation  of  the  new- 
bodies,  based  upon  the  previous  two  years'  work  of 
the  Group  and  experience  of  its  need-.  Subse- 
quently (in  1922).  further  steps  were  taken  towards 
co-ordination  of  organisation,  and  the  year  of  issue 
of  this  volume  (1923)  is  noteworthy  as  showing  a 
re-establishment  of  the  membership  of  the  Group  at 
very  nearly  its  original  figure,  and  the  consequent 
placing  of  its  finances  upon  a  satisfactory  basis. 
The  Committee  of  the  Group  cannot  express  with 
sufficient  emphasis  to  the  Chairman  and  Hon. 
Treasurer  of  the  Group,  and  to  the  President  and 
Hon.  Treasurer  of  the  Society,  their  thanks  for 
bringing  about  this  happy  result. 

The  issue  of  Data  Sheets  by  the  Committee  in  the 
period  reviewed  ha-  progressed  only  slowly,  owing 
to  lack  of  funds.  Two  new  sheets,  denominated 
respectively — 


and 


THE  PROPERTIES   OF  TAN  EXTRACT 
LIQUORS  " 


"  CONDENSATION   CURVES   FOR   HYDRO- 
CHLORIC ACID" 

have  been  issued  as  a  result  of  a  special  grant  made 
by  the  Council  of  the  Society  of  Chemical  Industry 
from  the  Messel  Memorial  Fund  at  its  disposition. 
Other  sheets  are  in  preparation. 


PROCEEDINGS    OP    THE    CHEMICAL    ENGINEEHING    GROUP. 


The  meetings  of  192]  are  divisible  into  two 
categories :  — 

(ti)  Propagandist, 
(6)  Scientific. 

In  the  first  category  arc  to  be  placed  the  following: 

(1)  Meeting  in  the  Institution  of  Shipbuilders  and 
Engineers,  .'!!),  Elmbank  Crescent,  Glasgow,  Febru- 
ary 11,  1921.  Chairman,  Dr.  .1.  H.  Young,  Chair- 
man of  the  Glasgow  Section  of  the  Society.  The 
meeting  was  attended  and  addressed  by  {inter  alios) 
the  Chairman  and  Hon.  Secretary  of  the  Group. 

(2)  Meeting  and  Dinner  at  the  Boulogne  Restau- 
rant, Lisle  Street,  London,  when  the  subject  of 

"  CO-ORDINATION  OF  EFFORT  IN   CHEMICAL 
ENGINEERING  " 

was  discussed.  A  number  of  distinguished  chemical 
engineers  took  part  in  the  discussion,  the  Chairman 
of  the  Group  presiding. 

The  Scientific  Meetings  were  as  follows:  — 

1 .— " PLANT    FOR    THE   TREATMENT    OF 
INDUSTRIAL   WASTE   WATERS  " 

By    E.    V.    Chambers 

Paper  read  in  the  Huddersfield  Technical  College, 
February  24,  1921.  Chairman,  Dr.  H.  H.  Hodgson, 
Professor  of  Applied  Chemistry,  Huddersfield. 

2.—"  THE   INDUSTRIAL   APPLICATIONS    OF 
ELECTRICAL  PRECIPITATION  METHODS  " 

By  Dr.  H.  J.  Bush 

Paper  read  at  a  joint  meeting  of  the  Chemical 
Engineering  Group  and  the  Manchester  Section  of 
t lie  Society  of  Chemical  Industry  in  Manchester, 
November  11,  1921.  Chairman,  J.  Allan,  Esq., 
Chairman  of  the  Manchester  Section. 


3. — "  THE   CLAUDE   SYNTHETIC    AMMONIA 
PROCESS  AND  PLANT  " 

By   J.   H.    West,   Esq.,   B.Sc. 

Paper  read  at  a  joint  meeting  of  the  Chemical 
Engineering  Group  and  the  Institution  of  Me- 
chanical Engineers,  held  in  the  Institution  of 
Electrical  Engineers,  London,  November  22,  1921. 
Chairman,  J.  Arthur  Reavell,  Esq.,  M.I.M.E., 
Chairman   of  the  Chemical   Engineering  Group. 

4. — "  DE-GASSING    AND    PURIFICATION    OF 
BOILER  FEED  WATER  " 

By  M.   Paul  Kestner, 

President    of   the    Societe    de    Chimie    Industrielle 
de  France. 

The  propagandist  meetings  are  not  recorded  in 
this  volume,  but  the  scientific  papers  are  reprinted, 
together  with  discussions,  as  far  as  reported. 

The  paper  by  Dr.  Bush  at  Manchester  was  ex- 
tremely successful,  securing  almost  a  record  attend- 
ance,    and    drawing    forth     quite     an    interesting 


discussion.       The     possibilities     of     application     of 

electrostatic    forces    were    relatively    unknown    in 

England  before  the  Great  War,  and  Dr.  Bush's 
paper  drew  lor  illustration  upon  a  great  number  of 
examples  of  plant  erected  at  munitions  factories  in 
England  and  elsewhere.  It  is  safe  to  say  that  the 
paper  was  one  of  the  most  successful  ever  delivered 
before  the  Manchester  Section  of  the  Society. 

The  joint  meetings  with  the  Institution  of  Me- 
chanical Engineers  are  invariably  successful,  and 
the  two  papers  included  in  the  present  volume,  and 
read  under  the  dual  auspices,  were  of  outstanding 
interest  and  importance.  The  one  by  M.  Kestner 
bids  fair  to  become  a  classic,  and  the  thanks  of  the 
Group  are  due  to  the  President  and  Council  of  the 
Institution  in  question  for  their  unqualified  assent 
to  the  reprinting  of  the  paper  and  discussion. 

Following  a  paper  on  ''Potential  Developments  in 
Refrigeration,"  by  Dr.  AY.  R.  Ormandy  and  E.  C. 
Craven,  Esq.,  read  in  Glasgow  in  January,  1922, 
the  principal  meeting  of  1922  was  the  Conference 
at  Glasgow  on  the  occasion  of  the  Annual  General 
Meeting  of  the  Society  of  Chemical  Industry.  The 
subject  discussed  was  the  extremely  important  one 
of 

"  EVAPORATION  AND   DISTILLATION," 

and  four  papers  (as  given  later)  were  read.  The 
attendances  at  the  two  sessions  of  the  Conference 
were  extremely  good,  and  the  Group  owes  a  meed 
of  thanks  to  the  Glasgow  Section  of  the  Society  and 
likewise  to  the  Council  of  that  body  for  financial 
help  enabling  the  necessary  printing  and  organisa- 
tion to  be  carried  out.     The  paper  on 

"  AMMONIA  STILLS," 

by  Mr.  Parrish,  is  a  monumental  work,  embodying 
the  author's  many  years'  experience  in  this  class 
of  distillation,  and  gave  rise  to  a  most  interesting 
discussion.  The  paper  is  very  fully  illustrated,  and 
will  well  repay  study  by  anyone  interested  in  the 
general  problem  of  distillation  as  well  as  in  its 
particular  application  to  ammonia  manufacture. 

The  last  paper  read  before  the  Group  in  1922  was 
given  in  London  by  a  former  Chairman,  Professor 
J.  W.  Hinchley,  at  an  informal  meeting  held  at 
the  Chemical  Industry  Club  on  November  10,  1922. 
The  subject  chosen  was  one  in  which  the  author 
had  done  much  pioneering  work,  the  narration  of 
which  was  of  absorbing  interest,  and  gave  rise  to 
much  discussion.  Informal  meetings  of  this  kind 
in  London  are  being  continued  as  part  of  the 
Group's  normal  activities. 

The  Committee  of  the  Group  are  pleased  to  reflect 
that  owing  to  the  help  given  to  the  Group  by  the 
Council  of  the  Society  of  Chemical  Industry  on  the 
one  hand,  and  by  its  members  on  the  other,  they 
have  been  able  to  continue  their  work  hitherto  with- 
out a  repetition  of  those  appeals  for  donations 
which  met  with  so  generous  a  response  in  1919  and 
1920.  They  believe  that  conditions  are  improving, 
and  that  the  Group  can  look  forward  to  increasingly 
useful  activity,  influence,  and  membership  in  the 
future. 
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PLANT    FOR    THE    TREATMENT    OF 
INDUSTRIAL    WASTE    WATERS. 

By   E.   V.   CHAMBERS. 

[Paper  read  at  a  meeting  of  the  Chemical  Engineering  Croup  in  the  Technical  College,  Huddersfield, 
February  24th,  1921.     Dr.  H.  H.  Hodgson,  Professor  of  Applied  Chemistry  in  the  College,  in  the  Chair.) 


The  chair  at  the  meeting  was  taken  by  Dr.  H  H 
Hodgson,  of  the  Technical  College,  Buddersfi  Id,  in 
the  unfortunate  absence,  owing  to  illness,  of  the 
Chairman  of  the  Chemical  Engineering  Group,  Mr. 
J.  Arthur  Reavell.  Dr.  Hodgson  commented  upon 
the  importance  of  the  work  being  done  by  scientific 
societies,  such  as  the  Society  of  Chemical  Industry 
and  the  Chemical  Engineering  Group,  in  spreading 
useful  knowledge  applicable  to  the  development  of 
industry,  and  said  the  Group  in  particular  was  to  be 
commended  for  its  enterprise  in  holding  its  meetings 
in  various  parts  of  the  country  instead  of  central- 
ising, as  was  the  very  common  practice  with  other 
societies.  He  then  called  upon  Mr.  Chambers  to 
read  his  paper. 


Introduction. 

The  term  "  waste  water  "  is  somewhat  significant. 
Originally  it  may  have  been  intended  for  those 
liquids  resulting  from  various  manufacturing  pro- 
cesses, which  at  the  time  could  be  put  to  no  further 
use.  To-day  the  term  has  assumed  a  fuller  meaning. 
By  modern  processes,  many  materials  formerly 
classified  as  waste,  have  by  their  recovery  become 
sources  of  national  wealth  and  individual  profit. 
This  exploration  of  waste  has  extended  into  the 
domain  of  factory  effluents,  where  rapid  progress  is 
being  made,  and  before  long,  in  certain  manufac- 
turing areas,  even  the  purified  effluent,  unless  re- 
used, will  be  regarded  as  waste  in  the  real  sense. 

Two  factors  have  contributed  to  the  awakening 
in  regard  to  the  prevention  of  waste  in  industrial 
effluents — the  first  being  the  necessity  for  more 
efficient  production  under  pressure  of  competition, 
and  the  second,  the  Rivers  Pollution  Act.  A  large 
measure  of  recognition  is  due  to  the  Rivers  Board 
Authorities  for  the  part  they  have  tilled  in  the  pre- 
vention of  national  waste.  It  will  be  true  to  say 
that  in  certain  industrial  areas  the  administrative 
cost  of  the  Rivers  Pollution  Authorities  has  been 
repaid  a  hundredfold  as  the  direct  result  of  their 
vigilance,  supervision  and  assistance. 

There  is  a  general  similarity  in  all  effluents  which 
result  from  the  same  trade  process.  In  the  woollen 
industry,  for  instance,  there  is  little  material  differ- 
ence between  the  effluents  resulting  from  similar 
processes  in  the  various  factories. 

The  limitation  of  time  makes  it  impossible  to  deal 
effectively  with  the  many  processes  of  effluent  puri- 
fication. The  examples  of  a  few  different  types  will. 
it  is  hoped,  give  some  indication  as  to  the  nature 
of  the  work  involved. 

The  woollen  industry  is  not  the  least  important 
of  our  national  industries.  It  is  represented  by 
centres  in  the  West  Hiding  of  Yorkshire,  tin 
counties  of  Scotland,  the  West  of  England,  parts  of 
Lancashire  and  also  in  Ireland.  The  various  manu- 
facturing operations  from  the  raw  wool  to  th< 
finished  cloth  are  seldom  carried  through  in  one  and 


the  same  factory.  The  industry  is  subdivided  into 
specialised  sections,  namely:  — 

1.  Wool  scouring,  carbonising  and  combing. 

2.  Spinning. 

3.  Weaving. 

4.  Dyeing  and  finishing. 

These  processes  apply  to  the  raw  wool  as  it  is  im- 
ported. In  addition  there  is  the  shoddy  industry, 
where  worsted  and  other  rags  are  torn  up  into  a 
loose  fluff  and  re-spun  and  converted  into  cloth 
again.  Shoddy  is  also  submitted  to  the  scouring, 
dyeing  and  finishing  process.  As  the  rags  from 
which  shoddy  is  made  may  contain  cotton  materials 
the  process  of  carbonisation  is  resorted  to  in  order 
that  the  cotton  may  be  eliminated. 

In  the  woollen  industry  several  distinct  effluents 
are  produced.     These  are:  — 

1.  Raw  wool  washing  effluent. 

2.  Yarn  and  piece  scouring  effluent. 

3.  Effluent  from  the  various  dyeing  processes. 
While   different    methods   of   treatment   must   be 

adopted  for  each  distinct  type  of  effluent,  there  is 
one  preliminary  process  common  to  all,  namely,  the 
careful  screening  of  the  effluent  lor  the  recovery  of 
valuable  fibre  which  is  invariably  present.  Before 
describing  the  different  methods  of  purification  it 
may  be  advisable  to  deal  with  the  screening  at  this 
stage.  Formerly  this  was  attempted  by  allowing  the 
effluent  to  flow  through  fixed  screens  composed  of 
wire  mesh  or  perforated  plates.  The  mesh  or  per- 
forations varied  from  jfe"  to  J"  diameter.  As  the 
wool  fibre  has  a  maximum  diameter  of  one-fiftieth  of 
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tatent  rotary  flock  catcher. 

Fig.   1. 

.111  inch  it  will  be  readily  understood  that  many  of 
the  fibres  travelling  parallel  with  the  flow  would 
thread  their  way  through  the  perforations.  Even 
those  fibres  which  were  retained  by  the  screen 
eventually  choked  the  perforations  and  thus  pre- 
vented the  free  How  of  the  effluent  with  consequent 
trouble  in  the  drains  and  channels. 


s 
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Figure  1  represents  a  successful  automatic  screen 
wliich  effectively  removes  all  the  fibre  without 
retarding  the  flow  of  effluent.  The  screen  consists 
<il  a  perforated  disc  which  rotates  on  a  horizontal 

axis.  The  disc  fits  into  n  machined  backplate  so 
constructed  that  the  effluent  must  pass  through  the 
perforations  which  form  the  screen.  It  is  mounted 
on  a  shaft  between  two  bearings.  The  screen 
[evolves  slowly  and  is  therefore  fitted  with  suitable 
reduction  gearing. 

Figure  2  is  a  sectional  drawing  of  the  screen. 
The  screen  is  fixed  either  in  a  cast  iron  tank  or  in 
a  brickwork  chamber,  through  which  the  effluent 
flows.  Only  about  one-third  of  the  diameter  of  the 
screen  is  immersed  in  the  effluent.  It  has  been 
stated  that  an  individual  fibre  can  thread  its  way 
through  a  fixed  screen,  but  it  cannot  do  so  in  the 
rotating  disc.  In  the  screen  tank  the  velocity  of 
the  effluent  is  reduced  to  a  flow  of  one  inch  per 
second.  The  velocity  of  that  portion  of  the  disc 
which  is  immersed  is  never  less  than  six  inches  per 
second.  Therefore  before  a  fibre  has  travelled  one- 
sixth  of  its  length  through  a  perforation  it  will  come 
in  contact  with  the  edge  of  the  perforation  where  it 
is  securely  held  until  subsequently  removed  on  its 
upward    traverse.      Other    fibres,    including    small 
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fact  that  the  fibre  is  lifted  from  the  effluent  and 
squeezed  before  its  arrival  on  the  receiving  tabic,  it 
is  liiund  to  be  in  a  clean  condition  and  of  !»•  -t  i  ■  ■  i 
quality  than  that  recovered  by  the  fixed  screen. 
Partly  by  actual  weighing  and  partly  by  estimation 
it  has  been  ascertained  that  in  1920  one  and  a-half 
million  pounds  of  useful  wool  fibre  were  recovered 
by  this  type  of  screen,  most  of  wliich  was  made  up 
into  yarn  and  cloth.  Apart  from  the  value  of  the 
recovered  fibre  it  should  be  said  that  its  removal 
from  the  effluent  reduces  the  ultimate  quantity  of 
the  solids  to  be  dealt  with,  and  also  prevents  the 
choking  of  drains,  pipes  or  channels  which  invari- 
ably occurs  when  the  fibre  is  not  previously  removed. 

Various  Methods  of  Purification. 
Distinct  methods  must  be  adopted  for  different 
types  of  effluent.  Pressure  or  gravity  filtration  will 
suffice  for  liquids  of  a  non-colloidal  character,  where 
it  is  desired  to  remove  only  suspended  solids.  The 
same  result  may  be  accomplished  by  the  use  of 
centrifugal  machines,  and  in  one  instance  by  an  in- 
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Front  Elevation. 


End  Elevation. 


Fig.  2. 


bunches  of  fibre  conveyed  by  the  effluent,  accumu- 
late in  front  of  the  screen  and  a  means  is  provided 
for  raising  these  fibres  out  of  the  effluent.  Close  to 
the  face  of  the  screen  at  the  bottom  right  hand 
quarter  is  fixed  a  plate  parallel  to  the  face  of  the 
screen,  leaving  an  intervening  space  of  1".  (Front 
elevation.)  The  accumulated  fibre  finds  its  way 
between  this  plate  and  the  screen,  and  it  is  at  once 
carried  to  the  top  of  the  plate  by  the  upward 
traverse  of  the  disc,  and  is  delivered  on  to  a  receiv- 
ing table.  The  recovered  fibre  remains  in  rubbing 
contact  with  the  face  of  the  screen  and  thus  with- 
draws and  recovers  from  the  screen  the  individual 
fibres  which  had  partially  threaded  the  perforations. 
It  will  be  understood  that  no  cleaning  mechanism  is 
necessary,  the  recovered  fibre  being  very  effective 
for  this  purpose.  This  type  of  screen  is  built  in 
various  sizes  ranging  from  3  ft.  diameter  to  10  ft. 
diameter,  for  respective  flows  of  4000  gallons  per 
hour  and  60,000  gallons  per  hour. 

Figure  3  is  a  larger  screen  10  ft.  diameter  at  work 
in  a  woollen  mill.  Figure  3a  gives  another  view  of 
the  same  machine.  A  large  number  of  screens  of  this 
type  is  at  work  upon  wool,  cotton,  paper  and  other 
effluents,  and  it  is  useful  in  recovering  various  kinds 
of  suspended  solids  from  effluents.     Owing  to  the 


genious  combination  of  filtration  and  centrifugal 
force,  manufactured  by  Centrifugal  Separators, 
Ltd.,  London,  and  introduced  by  W.  J.  Gee, 
the  maximum  filtering  efficiency  is  maintained  con- 
tinuously, while  the  solids  are  recovered  in  a  con- 
venient and  compact  form. 

When  colloidal  substances  are  to  be  removed  from 
effluents,  or  dissolved  organic  or  inorganic  bodies, 
it  is  often  necessary  to  adopt  some  form  of  chemical 
treatment.  The  more  commonly  used  reagents  are 
lime,  ferrous  sulphate,  (copperas)  crude  aluminium 
sulphate,  (aluminoferric)  and  sulphuric  acid. 

The  biological  process  has  not  been  extensively 
applied  to  the  purification  of  industrial  waste 
waters.  Certain  effluents  which,  even  after  a  sub- 
stantial chemical  treatment  contain  putrefactive 
nitrogenous  bodies,  can  be  effectively  dealt  with  by 
percolating  biological  filters,  so  that  the  stream  into 
which  such  effluent  is  discharged  is  not  robbed  of  its 
free  oxygen  content. 

Waste  waters  from  coal  by-product  recovery 
plant,  and  particularly  those  from  the  ammonia 
stills  are  very  difficult  to  purify.  When  waste  steam 
is  available  "in  sufficient  quantity  evaporation  ap- 
pears to  be  the  only  effective  solution. 

Some  details  will  now  be  given  of  a  purification 
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and  recovery  plant  for  the  treatment  of  an  effluent 
from  a  woollen  cloth  manufacturing  establishment. 
Figure  -I  is  a  photograph  oi  an  installation  for  the 
purification  of  effluent  from  a  woollen  cloth  or  piece 

scouring  establishment.  Woollen  cloth  as  it  comes 
from  the  loom  contains  a  considerable  percentage  of 
oil.    This  oil  may  have  been  added  to  the  rags  or  to 

the  loose  wool  during  the  tearing  up  or  the  blending 
process  previous  to  spinning.  The  oil  acts  a^  a 
lubricant,  facilitating  the  operations  of  carding. 
Mending,  spinning  and  weaving.  The  percentage  01 
oil  may  vary  considerably  according  to  the  quality 
of  material  being  manufactured.  Low  grade 
materials  contain  a   larger  proportion  of  oil  than 


alternative  squeezing  and  soaking  continues  until 
the  whole  of  the  free  oil  has  been  removed  from  the 
cloth,  by  which  time  the  soap  solution  has  been  con- 
verted into  a  thick  emulsion.  This  emulsion  is  then 
discharged  from  the  machine  and  simultaneously 
water  is  admitted  to  the  machine  in  the  form  of  a 
Spraj  whi<h  is  directed  upon  the  cloth  as  it  con- 
tinues its  cycle  in  the  scouring  machine.  This  wash- 
ing continues  until  the  effluent  from  the  bowl  is  free 
from  emulsified  grease.  The  scouring  process  is  then 
complete. 

The  effluent  from  this  process  contains  the  whole 
of  the  soap  and  soda  used  for  scouring,  together 
with   the  oil   originally  contained  in   the  cloth.      In 


Fig.  3. 


the  better  quality  fabrics.  It  is  frequently  found 
that  a  medium  quality  cloth  contains  !)  by 
weight  of  oil.  The  object  of  the  scouring  proc.  BS  is 
to  remove  this  oil  and  cleanse  the  cloth.  The  quality 
of  the  oil  ranges  from  that  of  a  high  grade  oleine 
containing  98%  free  fatty  acids,  down  to  an  oil 
containing  60%  free  fatty  acids. 

The  materials  used  for  scouring  are  soaps,  soda 
ash  and  various  more  or  less  useful  scouring 
assistants.  The  cloth  pieces,  in  an  endless  band, 
pass  between  heavy  wooden  rollers  and  then  into  the 
bottom  of  the  scouring  machine  where  they  become 
saturated  with   the  soap   and  soda   solution.    The 


the  purification  process  it  is  the  practice  to  separate 
this  liquor  into  two  portions.  The  first  portion  dis- 
charged from  the  scouring  machine  contains  the 
greater  quantity  of  the  soda  ash  and  soap  and  oil, 
and  is  therefore  directed  to  a  separate  receiving 
tank  or  vessel.  The  second  portion  contains  smaller 
quantities  of  scouring  liquor  and  wash  water  and 
its  treatment  will  l>e  referred  to  subsequently. 

On  the  average  it  may  he  stated  that  a  "  piece  " 
of  cloth  is  (ill  yards  long  and  weighs  60  pounds. 
K  e  h  "  piece  "  of  cloth  requires  500  gallons  of  water 
for  scouring,  only  one-third  of  which  (the  first  por- 
tion of  the  waste  scouring  liquor)  or  166  gallons  is 
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treated  for  oil  recovery.  The  following  figures  repre- 
sent  those  of  a  factory  scouring  60  "pieces"   per 

day. 


Total  weight  <>f  cloth 

Oil  I'lmtint  H"„  ].lu»  <i.V'„  ol  mi:i]i  Usui]  fur  >.i-. Hiring 

(8  lb,  pei  piece)        

Soda  ash  t-i  lb.  per  piece)  (used  for  cleansing) 
Water  to  be  treated  for  recovery  "t  oil  (liu  pieces  at 

166  galls.) 


3,000  lb. 


441  lb. 
2401b. 


10,000  gulls. 


The  treatment  process  consists  of  the  addition  of 
sulphuric  acid  to  the  scouring  liquor  which 
neutralises  the  soda  carbonate  and  sets  free  the  oil. 
Alter  a  period  of  settlement  the  more  or  less  clear 
acid  water  is  decanted  and  the  grease  or  magma  is 
forced  through  steam  heated  filter  presses  where  the 
oil  is  separated  from  the  magma. 

In  Figure  4  the  plant  is  designed  to  deal  with 
22,000  gallons  of  strong  scouring  liquor  per  day. 
The  method  of  working  the  plant  is  as  follows. 


wagon.  It  is  pumped  into  an  overhead  tank  by 
means  of  an  all  iron  hand  pump.  From  the  over- 
head tank  it  flows  into  measuring  vessels  con- 
-ii  in  t.il  ui  cast  iron,  ami  from  thence  a  measured 
quantity  is  allowed  to  enter  the  tank.  To  each  tank 
of  scouring  liquor  is  added  sufficient  sulphuric  acid 
to  decompose  the  sodium  carbonate  and  to  give  the 
liquid  a  slightly  acid  reaction.  It  is  found  that  the 
treated  liquid  must  have  an  acidity  equal  to  20  part* 
per  100,000  before  complete  separation  takes  place. 
At  this  point  the  emulsion  is  entirely  broken  down 
and  the  grease  or  oil  is  liberated  and  forms  a  heavy 
scum  or  magma  in  the  tank. 

Agitation. 

A  system  of  mixing  is  necessary  to  bring  the  acid 
into  intimate  contact  with  the  liquid.  This  mixing 
may  be  done  either  by  means  of  mechanical  agitators, 


Fig.  3a. 


Screening. 
A  4  ft.  diameter  screen  first  removes  the  fibre 
which  is  collected  for  re-use.  Unless  the  fibre  is  re- 
moved it  causes  trouble  in  the  pumping  operation. 
It  chokes  the  valves  in  reciprocating  pumps  and 
attaches  itself  to  the  impellers  in  centrifugal  pumps. 

Pumping. 

The  type  of  pump  will  depend  upon  local  condi- 
tions. It  may  he  steam,  belt,  or  electrically  driven, 
and  both  ram,  piston  pattern,  and  centrifugal 
pumps  are  used.  The  pumping  of  the  screened 
liquor  presents  no  difficulties.  An  all  iron  pump  is 
the  most  suitable,  as  the  scouring  liquor,  owing  to 
its  content  of  grease,  has  a  softening  and  disinte- 
grating action  on  vulcanite  and  other  "  composi- 
tion "  valves. 

Chemicul  Treatment. 
A   tank   at   ground  level   receives   sulphuric   acid 
which    is   conveyed    to   the   plant   by    motor   tank 


in  which  case  the  tanks  are  each  fitted  with  a 
vertical  shaft  and  horizontal  arm  or  blade  mixers  of 
cast  iron,  or  the  liquid  may  be  effectively  agitated 
by  compressed  air.  As  each  tank  deals  with  only 
one  charge  of  liquor  per  day  and  as  20  minutes' 
agitation  suffices  for  each  treatment,  the  use  of  com- 
pressed air  is  frequently  resorted  to,  thus  avoiding 
the  capital  outlay  for  mechanical  agitators  and  driv- 
ing arrangement.  Steam  jet  aspirators  are  largely 
used  instead  of  an  ordinary  air  compressor.  The 
tanks  illustrated  are  agitated  by  steam  jet  blowers 
having  a  3  in.  intake  for  air  and  a  3  in.  delivery 
pipe.  The  air  is  distributed  throughout  the  bottom 
of  the  tank  by  perforated  piping,  and  the  whole  of 
the  liquid  is  agitated  from  bottom  to  surface. 

Settlement. 

The  necessary  period  of  settlement  depends  upon 
the  specific  gravity  of  the  sodium  sulphate  solution 
which  results  from  acid  treatment,  also  upon  the 
temperature  and  upon  the  degree  of  acidity.     In  a 


CHAMBERS.— PLANT    FOR    THE    TREATMENT    OE    INDUSTRIAL    WASTE    WATERS.      11 


suitably  arranged  plant  settlement  should  occupy 
not  less  than  12  hours  for  efficient  results  to  be 
obtained. 

In  Figure  4  there  arc  six  tanks  constructed  in 
redwood  of  4"  thickness,  each  having  the  dimensions 
10  feet  square  and  ti  feet  deep,  and  at  total  capacity 
of  approximately  .'12,400  gallons.  As  the  daily  flow 
in  this  case  is  22,000  gallons,  it  will  be  seen  that 
there  is  sufficient  tank  capacity  for  a  settlement  of 
twelve  hours. 

/'.  cant  at  ion. 

The  clear  acid  water  i<  removed  by  means  of  a 
swivel  arm  outlet,  which  discharges  into  a  special 
channel  used  only  for  this  purpose,  this  liquid  being 
conveyed  to  a  receiving  tank  for  further  treatment. 

Fitter  Pressing   the  Min/iiui. 

The  magma  left  behind  in  the  tank  is  then  dealt 
with  for  the  recovery  of  grease.  It  is  either  pumped 
from   the   tank   by   means  of   a   special   pulsometcr 


hand  and  wrapped  up  in  canvas  packages,  each  hold- 
ing about  10  lbs.  of  magma.  These  are  again  packed 
into  the  press  by  band!  Subsequently  the  press  is 
heated  by  steam  and  pressure  is  exerted  on  the 
packages  by  means  of  a  hydraulic  ram  which  com- 
municates the  pressure  through  a  flat  iron  plato 
having  an  area  slightly  less  than  that  of  the  press. 
It  is  desirable  thai  this  hand  labour  should  be 
eliminated,  hence  the  extended  application  of  the 
filter  press. 

'Recovery  of  the  Oil. 

The  magma  before  pressing  contains  70  per  cent. 
of  water,  and  the  oil  from  the  press  outlets  is 
therefore  mixed  with  a  quantity  of  water,  which  is 
removed  in  the  separating  tank  shown  in  Figure  4, 
and  the  oil  conveyed  to  a  refining  tank,  where  it  is 
treated  with  about  1  ..  by  weight  of  sulphuric  acid, 
agitated,  and  allowed  to  settle  when  residual  traces 
of  water  and  certain  organic  substances  settle  out. 
These  settlings   arc   removed   by   an  outlet  tap   and 


Fig.  4. 


pump  which  forces  the  magma  into  a  press  manu- 
factured by  Messrs.  Manlove,  Alliott  and  Co.,  Ltd., 
Nottingham,  or  as  shown  in  the  illustration,  it  is 
allowed  to  flow  through  cast  iron  pipes  into  a  cast 
iron  receiver  or  steam  ram  which  forces  it  into  the 
filter  press,  the  pressure  of  steam  utilised  for  this 
purpose  being  50  lbs.  per  sq.  inch.  The  charging  is 
continued  until  the  press  is  filled.  In  order  to  ex- 
tract the  grease  thoroughly  it  is  necessary  to  heat 
up  the  contents  of  the  press,  which  is  effected  by 
means  of  open  steam  which  passes  along  the  feed 
pipe  and  into  each  chamber  of  the  press.  Steaming 
is  continued  at  a  pressure  of  40  to  50  lbs.  per  inch 
until  grease  is  no  longer  discharged  at  the  filter 
outlet  taps.  The  press  is  then  opened  out  and  the 
press  cake  removed. 

Figure  4a  illustrates  the  compressed  air  ram  for 
charging  filter  press.  In  addition  to  the  filter  press 
there  is  a  type  of  press  known  as  an  oven  press, 
which  is  extensively  used  for  oil  recovery.  The  use 
of  this  press,  however,  involves  much  hand  labour. 
The  magma  from  the  tanks  cannot  be  sent  directly 
forward  to  the  press.  It  must  first  be  discharged 
on  to  coarse  filters  whence  it  has  to  be  removed  by 


added  to  a  further  batch  of  scouring  liquor.  After 
clarification  the  oil  returns  to  the  factory,  where 
it  is  utilised  for  the  lubricating  of  further  supplies 
of  raw  material.  The  oil  therefore  passes  through 
the  manufacturing  and  recovery  cycles  indefinitely. 
New  supplies  of  oil  are  only  purchased  to  make  up 
for  that  portion  which  is  not  recovered  in  the 
purification  process. 

Under   full    working  conditions   the   plant   illus- 
trated in  Fig.  4  gives  the  following  figures:  — 

ITeeklu  quantities. 

Weight  of  soda  ash  used  for  scouring  . 
Weight  of  soap  used  for  scouring 
Weight  of  cloth  scoured 
Weight  of  oil  in  cloth  (9%) 
Quantity  of  scouring  liquor  treated  per 

week 
sulphuric  acid  used  for  treatment     . . 
Steam  used  for  pumpiug,  agitation  and 

pressing,  equivalent  to 
Weight  of  oil  produced  from — 

1.  Original  oil  in  cloth     . .  2,722  lb. 

J.  Soap 1,0191b. 

Total      ..        3,7411b. 
w.-i^ht  of  press  cake  produced  ..       4,015  1b. 

(Cake  contains  20%  moisture  and  20%  oil.) 
The  recovered  oil  contains  85%  of  saponifiable  matter. 


2  tons. 

1  ton=  1,450  lb.  oil. 
43.200  lb. 
3,888  lb. 


120,000  gallons. 
3  tons  80% 

30  cwt.  coal. 


acid. 
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For  many  years  the  press  cake  either  was  burned 
in  the  steam  boiler  furnace  or  disposed  of  as  waste. 
Recognition  is  now  given  to  the  Fact  that  this  is  a 
serious  waste  of  valuable  material,  and  by  a  solvent 
extraction  process  the  oil  is  being  extracted  from 
the  press  cake,  and  the  extracted  materials  disposed 
of  as  a  useful  fertiliser.  By  extracting  oil  from  the 
press  cake  the  total  recovery  of  oil  is  equal  to  90% 
of  that  originally  contained  in  the  cloth,  together 
with  the  oil  contained  in  the  soap. 

The  following  are  analyses  of  cake  before  and 
after  solvent  extraction  :  — 


Before  extraction. 

Moisture 

Grease 

Ash  (mineral) 

Organic  matter  insoluble  in  ether 

Nitrogen 

After  extraction. 
Moisture 
Grease 

Ash  (mineral)         

Organic  matter  insoluble  in  ether 

Nitrogen 

as  NHj       


19-07  per  cent. 
21-20 

41S0         „ 
17-93 


2-00  per  cent. 
1-05         „ 


4i0 
510 


to  obtain  a  resultant  water  which  is  quite  satis- 
factory for  further  manufacturing  operations. 

In  Fig.  (i  will  be  seen  a  plant  which  effectively 
purines  this  second  portion.  The  water  before 
treatment  »;h  found  to  contain  soap,  emulsified 
grease,  fibrous  matter  and  other  organic  solids,  and 
sodium  carbonate. 

It  will  be  observed  that  the  necessary  chemical 
treatment  consists  in  neutralising  the  sodium 
carbonate  with  sulphuric  acid,  which  at  the  same 
time  decomposes  any  free  soap  dissolved  in  the 
water.  The  addition  of  a  second  reagent,  i.e., 
crude  sulphate  of  alumina  (aluminoferric),  acceler- 
ates the  rate  of  separation  of  the  suspended  solids. 

The  method  of  working  the  plant  will  now  be 
described. 

Screening. 

This  operation  is  essential,  for  the  reasons  given 
previously. 

Pumping. 

The  effluent  is  delivered  to  the  treatment  tanks 
by  any  suitable  pump.     In  this  particular  instance 


Fig.  4a. 


Owing  to  its  comparatively  high  nitrogen  content 
it  is  in  considerable  demand  as  a  fertiliser. 

Treatment  of  Second  Portion  of  Scouring  Liquor. 

That  portion  of  the  scouring  liquor  which  is  not 
sent  to  the  recovery  plant,  and  which  represents 
two-thirds  of  the  total  scouring  liquor,  receives  a 
separate  purification  treatment,  to  achieve  one  of 
the  following  objects:  — 

1.  Purification  for  re-use. 

2.  Purification  for  discharge  to  river. 

Purification  for  Pe-use. 

It  has  been  found  that  the  second  portion  of  the 
scouring  effluent  can  be  treated  in  such  a  way  as 


a  direct  acting  piston  pattern  pump  was  utilised, 
and  this  pump  was  fitted  with  vulcanite  covered 
steel  ball  valves.  It  was  found  that  after  six 
months  working  the  vulcanite  coating  had  swelled 
considerably,  owing,  it  was  concluded,  to  the 
absorption  by  the  vulcanite  of  the  free  oil  contained 
in  the  effluent.  The  substitution  of  iron  ball  valves 
proved  a  satisfactory  remedy. 

( 'hemical  Treatment . 
A  20%  solution  of  sulphuric  acid  is  prepared  at 
ground  level  and  elevated  into  a  overhead  receiving 
tank.  Sulphate  of  alumina  is  also  dissolved  to 
make  a  20%  solution,  which  is  elevated  to  a  similar 
overhead  tank.  These  reagents  are  admitted  to  the 
effluent  in  their  correct  proportions  by  means  of  a 
suitable    apportioning    apparatus.       It    should    be 
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stated  that  in  order  to  obtain  an  effluent  of  unvary- 
ing quality,  a  reserve  tank  is  provided  into  which 
the  effluent  flows  from  the  scouring  machines.  This 
tank  holds  three  hours'  supply  and  thereby  an 
average  effluent  is  obtained. 

Figure  ~  is  a  drawing  of  the  chemical  system  for 
automatic  treatment.  The  effluent  to  ho  treated  is 
pumped  into  No.  1  tank,  which  is  fitted  with  a 
slotted  outlet  pipe  and  a  float.  Should  there  he 
any  variation  in  the  flow  of  effluent,  the  level  of  the 
liquid  undergoes  a  consequent  change  in  level  which 
communicates  itself  to  the  float.  By  means  of  a 
rod  the  float  is  connected  to  a  lever,  at  the  opposite 
end  of  which  are  suspended  two  slots  with  flexible 


effluent  to  I  parts  per  100, 000.  The  treated  effluent 
enters  the  clearing  tank,  A,  by  means  of  a  down- 
fall mixing  pipe,  which  conveys  the  effluent  nearly 
to  the  bottom  of  the  tank.  After  travelling  the 
height  of  the  tank,  it  is  found  that  almost  the  whole 
of  the  precipitated  grease  and  soap  has  been  left 
behind  in  the  tank.  At  this  point  the  effluent 
receives  the  correct  quantity  of  alum  solution  and 
enters  tank  B,  where  it  undergoes  the  same  sedi- 
mentation process  as  tank  A.  The  effluent  is  finally 
filtered  through  a  wood  fibre  filter  of  the  upward 
flow  type,  and  proceeds  to  the  reserve  tank  in  a 
clear,  colourless  and  neutral  or  slightly  alkaline 
condition. 


Fig.  6. 


outlet  connections.  The  slots  work  in  separate 
tanks  in  which  the  sulphuric  acid  and  alum 
solutions  respectively  are  maintained  at  a  constant 
level. 

The  widths  of  the  dipping  slots  are  adjustable, 
and  when  set  to  discharge  that  quantity  of  reagent 
which  effects  the  correct  chemical  treatment  for  a 
given  flow  of  effluent,  it  is  found  that  automatically 
the  reagent  feed  adjusts  itself  for  any  variation  in 
flow  of  the  effluent. 

The  effluent  is  first  treated  with  sulphuric  acid  in 
such  quantities  as  to  reduce  the  alkalinity  of  the 


Figure  S  is  a  photograph  of  the  actual  reagent 
feed  apparatus. 

The  purified  effluent  has  proved  entirely  satis- 
factory for  the  scouring  and  washing  of  woollen 
"  pieces  "  and  has  had  an  extended  application  for 
steam-raising  purposes.  There  is  neither  scale  nor 
corrosion  to  be  found  in  the  boilers. 

The  solids  deposited  by  this  system  accumulate  in 
the  bottom  of  the  precipitation  tanks,  from  whence 
they  are  periodically  removed  by  way  of  an  outlet 
valve.  The  sludge  from  No.  1  tank  (resulting  from 
the  acid  treatment)  consists  almost  wholly  of  oil, 
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and  i.s  therefore  Beni  to  the  filter  presses  for  oil 
extraction.  The  recovered  grease  increases  the  per- 
centage recovery  from  the  woollen  pieces,  which  in 
this  instance  readies  a  total  recoverj  of  75%, 
excluding  the  oil  si  ill  remaining  in  the  press  cake. 

The  two  purification  processes  are  quite  effective 
in  recovering  valuable  materials  from  the  waste 
effluent,  and  the  proc  ss,  properly  carried  out,  is 
very   profitable. 

I  he  acid  liquor,  which  results  from  the  neutralise 
tion   of  the  scouring   Liquor,   is  despatched  to  the 
general  effluent   purification  plant,  whore  it  mixes 

with    wa-te    dye    liquors    and    various    Wash    Waters 

from  textile  finishing  operations.  A  portion  of  this 
acid  water  can  he  used  at  the  plant  for  purification 
of  water  For  re-use,   instead  of  the  sulphuric  acid 

referred    to.        The    cu-l     of     treatment     is    therebj 

reduced  and  less  calcium  hydrate  or  lime  will  be 
required  at  the  general  effluent  plant  for  neutral- 
ising  purposes.        When   the  second   portion   of   the 


suspended  particles  are  carried  upwards  by  central 
convection  currents  and  downwards  at  the  side  ol 
the  vessel  bj  the  water  which  is  being  cooled  by  the 
surrounding  atmo  phi  < 

In  settle nt  tanks  the  disturbing  effect   el    i 

iii  111  by  convection  can  be  minimised  by  causing  the 
effluent  to  flow  in  a  shallow  layer  over  the  mass  ol 
cooler  water  beneath.  To  obtain  this  condition  of 
(low.  the  ingoing  effluent  should  enter  the  tank  over 
a  sill,  which  should  he  the  full  width  of  the  tank. 

A  baffle  hoard  should  '*•  fixed  across  the  tank  at 
a  distance  of  1  ft.  from  the  sill,  and  the  board  should 
he  immersed  in  the  effluent  to  a  depth  of  I  or  6  in. 
By  this  arrangement  the  suspended  particles  will 
fall  out  ni  the  quickly  moving  surface  layer  into  the 
cooler  and  mere  quiescenl  layers  underneath. 
When  the  effluent  is  of  normal  temperature  the 
baffle  board  can  be  carried  downwards  in  the 
settlement  tank  to  a  point  which  would  not  disturb 
the  cleposited  solids.       By  this  method  an  upward 
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Fig.  7. 


m  on  vine;  liquor  is  not  required  for  re-use,  it  also  i.s 
allowed  to  flow  into  the  general  effluent  purification 
plant. 

Treatment  of  General  Effluent. 

Figure  10  represents  a  standard  type  ol  plant  for 
the  purification  of  waste  waters  with  the  object  of 
producing  a  non-polluting  liquor  for  discharge  into 
the  stream.  Fig.  10a  is  a  small  unit  type  to  deal 
with  2000  gallons  effluent   per  hour. 

When  cloth  containing  a  mixture  of  wool  and 
cotton  is  manufactured,  waste  sulphur  dye  liquors 
along  with  other  dyestuffs  may  be  discharged  with 
the  effluent.  Ferrous  sulphate  is  the  least  costly 
and  most  effective  precipitant  for  sulphur  dye1 
effluent.  These  dyes  depend  upon  sodium  sulphide 
for  their  solubility  in  water.  Treatment  with 
ferrous  sulphate  converts  the  sodium  sulphide  into 
ferrous  sulphide  and  the  sulphur  dye  is  precipitated. 
At  the  same  time  chemical  treatment  precipitates 
the  other  dyes  contained  in  the  effluent.  The  plant 
shown  in  Fig.  in  consists  ol  chemical  treatment 
apparatus,  tapered  settling  tanks,  and  filter.  It  is 
or  the  continuous  working  type.  For  a  given  flow, 
the  capacity  of  the  tanks  depends  upon  the  rate  of 
settlement  of  the  suspended  solids,  which  again 
Is  upon  the  size  and  specific  gravity  of  the 
particles.  The  temperature  of  the  effluent  has  also 
much  to  do  with  the  rate  ol  settlement.  This  fact 
will  be  readily  appreciated  if  a  hot  liquid  containing 
suspended  matter  is  observed  in  a  glass  cylinder. 
It  will  be  found  that  during  the  period  of  cooling 
there  is  a  continuous  circulation  in  the  vessel.     The 


flow  in  the  tank  is  promoted.  The  most  suitable 
velocity  can  only  be  determined  by  actual  trial,  and 
it  is  often  advantageous  to  carry  out  preliminary 
small-scale  tests  in  order  to  determine  the  maximum 
permissible  velocity  and  the  requisite  size  of  settle- 
ment tank.  With  the  type  of  effluent  under 
discussion,  the  capacity  of  the  tanks  should  not  be 
less  than  six  times  that  of  the  hourly  flow.  In  the 
illustration  the  tanks  have  a  total  capacity  of  56,000 
gallons,  while  the  hourly  flow  is  8000  gallons. 
The  method  of  working  may  now  be  described. 

Chemical  Treatment. 
Lime  and  aluminoferric  are  in  this  instance  used 
as  precipitants.  The  lime  is  prepared  in  a  lime 
mixing  vessel.  .  A  steel  basket  in  the  side  of  the 
vessel  is  charged  with  burnt  lime,  which  is  converted 
into  milk  of  lime  by  the  water  in  the  tank.  A 
regulated  quantity  of  the  effluent  flows  continuously 
into  the  lime  mixer,  displacing  a  corresponding 
quantity  of  milk  of  lime,  which  flows  into  the  main 
effluent  channel  where  it  is  thoroughly  mixed  with 
the  effluent,  A  block  of  aluminoferric  is  placed  in 
the  mixing  channel,  where  it  is  dissolved  at  the 
required  rate.  The  lime  neutralises  the  sulphuric 
acid  (which  comes  from  the  acid  treatment  process 
ot  grease  recovery)  and  a  little  excess  lime  forms 
with  the  alum  a  voluminous  precipitate  of 
aluminium  hydroxide.  This  precipitate  carries 
down  with  it  the  finer  suspended  matters  and 
thereby  assists  in  the  production  of  an  effluent  free 
from  suspended  solids.  The  treated  effluent  passes 
in   series   through   the   four   tanks.     Each   tank    is 


(II  \MBERS.— PLANT    FOR    THE    TREATMENT    OF     INDUSTRIAL    WASTE     WATERS.       15 


fitted  with  a  horizontal  battle  which  prevents  light 
floating  matter  from  escaping.  The  solids  are 
deposited  in  the  taper  portion  of  the  tank  from 
whence  the  resulting  sludge  is  removed  periodically. 
The  taper  portion  of  the  tank  is  set  at  an  angle  of 
60°,  at  which  angle  the  sludge  cannot  rest  upon  the 
sides,  therefore  when  the  sludge  outlet  is  opened 
the  whole  of  the  sludge  flows  out  from  the  tanks. 

When  settling  tanks  having  a  flat  bottom  are 
utilised,  the  whole  of  the  sludge  cannot  be  removed, 
but  only  that  portion  which  corresponds  to  an  angle 
of  60°  over  the  outlet.  In  such  cases  the  tanks  must 
be  periodically  emptied  by  hand,  an  unpleasant  and 
altogether  unnecessary  operation.  After  having 
passed  through  the  four  tanks  the  effluent  flows 
upwards  through  a  wood  fibre  filter,  which  serves  to 


point  of  discharge.  As  stated  previously,  the  whole 
of  the  sludge  may  be  removed  from  the  tank  when 
the  sides  have  an  angle  of  60°.  The  sludge  is  dis- 
charged on  to  rough  niters,  and  may  contain  95% 
of  water.  After  draining  a  few  days  it  will  contain 
70  oi  water,  when  it  can  be  conveniently  handled 
and  carted  away.  The  size  of  the  mud  filters  is 
determined  by  the  quantity  of  suspended  solids  in 
the  chemically  treated  effluent.  The  treated  effluent 
frequently  contains  100  parts  per  100,000  of  effluent, 
m  which  case  each  1000  gallons  will  produce  10  lb. 
of  dry  solids  or  100  lb.  of  90%  sludge,  which  is  equal 
to  33  lb.  of  70%  sludge,  such  as  that  produced  after 
draining. 

In  order  to  promote  quick  draining  the  sludge 
beds  should  be  carefully  designed.    Covered  channels 


Fig.  8. 


retain  any  light  floating  particles  which  may  remain 
in  the  effluent.  By  this  system  of  purification  an 
effluent  is  produced  which  satisfactorily  meets  the 
requirements  of  the  various  rivers  authorities.  The 
effluent  will  be  neutral  or  slightly  alkaline,  will  not 
contain  more  than  four  parts  per  100,000  suspended 
solids,  the  oxygen  absorbed  figure  will  not  be  high, 
and  there  is  little  odour  or  colour. 

Sludge  Treatment. 
The  sludge  which  accumulates  in  the  bottom  of 
the  settlement  tanks  is  periodically  removed.  In 
Fig.  10  there  is  a  hydrostatic  head  of  4  ft.  10  in.  over 
the  sludge  valve  outlet,  which  is  sufficient  to 
promote  the  flow  of  sludge  from  the  tank  to  the 


should  be  arranged  in  the  bottom  of  the  filter  for 
the  free  outflow  of  water,  and  the  filtering  materials 
(ashes  or  stone)  should  be  graded  from  the  coaree 
material  at  the  bottom  to  the  fine  material  at  the 
top.  In  effluent  filters  2  in.  lumps  of  stone  or 
clinker  are  placed  at  the  bottom  to  a  height  of 
12  in.,  overlaid  with  a  6-in.  depth  of  1  in.  material, 
and  a  final  6  in.  of  fine  ashes  such  as  pass  through 
a  J-in.  mesh  sieve. 

In  Fig.  10  the  filter  is  also  provided  with  a  swivel 
arm  outlet  for  removing  the  supernatant  water, 
which  otherwise  would  require  considerable  time  to 
pass  through  the  filter.  In  many  installations  the 
cost  of  handling  and  carting  the  sludge  is  con- 
siderable.    There  are  many  cases  where  it  is  less 
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costly  to  substitute  filter  presses  for  the  ordinary 
sludge  filters.  This;  method  is  being  adopted  m  a 
large  number  of  plants  now  in  course  of  construc- 
tion. Some  figures  relating  to  an  actual  filter  press 
installation  may  be  of  interest.  The  solids  deposited 
in  the  effluent  settling  tanks  give  a  total  daily  pro- 
duction of  7  tons  of  90%  sludge.     By  filter-pressing 


are  filled  and  emptied  ten  times  each  day.  They 
are  charged  from  a  compressed  air  ram,  into  which 
the  sludge  Hows  from  the  tanks,  having  a  capacity 
of  350  gallons.  The  air  pressure  is  90  lb.  per  in. 
The  man  in  charge  of  the  presses  also  attends  to  the 
effluent  purification  plant  and  loads  the  press  cake 
into  carts  for  removal. 


SUCTION 


*&&&** 


PERSPECTIVE    VIEW. 
Fig.    9. 


General  Effluent  Purification  Plant. 

Capacity  6000  galls,  per  hour. 

For   Waste,  Dye  waters,  etc. 

Patent  Rotary  Flock  Catcher. 

Chambers  <fe  Hammond,  Lightcliffe,  Yorks 
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Fig.   10. 

this  sludge  to  a  cake  containing  50%  of  moisture, 
the  total  weight  of  sludge  is  reduced  to  1  ton  8  cwt. 
There  are  two  filter  presses  each  having  14  recessed 
plates  2  ft.  square.  The  time  occupied  in  filling, 
pressing  and  emptying  the  presses  is  1 J  hours.  One 
man  operates  the  plant  except  when  emptying  the 
presses,  when  two  men  are  required.     The  presses 


By  the  three  processes  of  effluent  treatment  which 
have  now  been  described,  namely  :  — 

1.  The    recovery    of   grease   from    piece   scouring 
liquors ; 

2.  The  treatment  of  the  second  portion  of  scour- 
ing liquor  for  re-use, 
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3.  The  treatment  of  dye  effluent  and  effluent  from 
grease  recovery  plant. 

the  whole  of  the  effluent  from  a  woollen  cloth  factory 
may  !>.■  >  itisfactorily  disposed  of. 

i  ire  II  is  a  genera]  diagram  of  a  complete 
arrangement  for  effectually  disposing  of  the  various 
effluents  from  the  process  of  cloth  finishing, 
including  the  scouring,  washing  and  dyeing  of  cloth. 

\\  hen  efficiently  carried  out  there  need  be  no 
serious  river  pollution,  and  the  work  may  be  carried 
out  so  as  to  give  a  vi  lactory  return  on  the 

capital  outlay  involved.  If  a  little  criticism  be 
admissible,  it  would  be  to  say  that  if  the  somewhat 
simple  operations  of  effluent  purification  were  more 
fully  understood  a  higher  recovery  efficiency  would 
follow.  This  improvement  can  "only  be  brought 
about  by  an  improvement  in  the  6ystem  of  super- 
vision. 

There  are  many  large  textile  factories  whose 
organisation     cannot     be     complete     without     the 


as  perspiration  which  attaches  itself  to  the  wool 
fibre.  It  is  a  combination  of  potash  with  a  highly 
complex  oil.  Many  of  the  volatile  fatty  acids,  also 
the  higher  fatty  acids  are  present  in  suint,  ini  Idl- 
ing oleic  and  stearic  acids. 

Yolk  or  wool  fat  is  insoluble  in  water  but  readily 
soluble  in  organic  solvents  such  as  benzene,  carbon 
disulphide  and  ether.  It  consists  chiefly  of  esters 
of  the  higher  alcohols  and  fatty  acids.  Some 
glycerides  are  also  present.  About" 50  of  wool  I  at 
can  be  directly  saponified  in  an  aqueous  solution  of 
caustic  potash  or  caustic  soda. 

Even  in  imported  greasy  wool  the  proportions 
and  quantities  of  impurities  vary  greatly,  and  it  is 
difficult  to  arrive  at  an  average  figure  as  to  the 
actual  percentages  of  pure  wool.  In  the  "  Wool 
Year  Book"  it  is  stated  that  in  1917  Mr.  II.  W. 
Forster  gave  the  annual  consumption  as  744  million 
pounds  of  greasy  wool,  which  was  stated  to  be 
equivalent   to   432    million    pounds    of   clean    wool. 
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Water  Purification  Plant. 
Capacity  2000  galls,  per  hour. 

Chambers  *  Hammond,  Lightcliffe,  Yorks. 
Patent  Xo.  7060  1912. 
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appointment  of  a  trained  chemical  engineer.  In 
many  factories  the  value  of  the  products  recovered 
from  such  waste  materials  as  trade  effluent  reaches 
a  figure  in  excess  of  £10,000,  and  even  in  these  cases 
there  is  still  room  for  a  considerably  increased  re- 
turn as  a  result  of  scientific  investigation  and 
supervision,  which  could,  with  considerable  benefit, 
be  applied  also  to  the  purchase,  selection  and  appli- 
cation of  raw  materials  used  in  textile  processes. 
In  adopting  this  course  the  textile  industry  would 
be  following  the  lead  of  the  other  staple  industries. 

ii  n/  of  Wool  Grease  and  LanoUne  from  ^Yool 
Washings. 

Another  important  process  may  now  be  dealt 
with — that  of  the  "Recovery  of  Wool  Greases  and 
Lanoline  from  Wool  Washings."  Raw  wool  con- 
tains as  impurities  earthy  matter,  animal  perspira- 
tion or  suint,  and  yolk  or  wool  fat. 

Suint  consists  principally  of  water  soluble  potash 
salts,  derived  originally  from  the  herbage  on  which 
the  sheep  feeds,  and  finally  secreted  from  the  skin 


These  figures  indicate  that  the  raw  wool  had  a  per- 
centage composition    of   53%    pure   wool   and   42% 
moisture  and  impurities.    Of  these  impurities  there 
are     two     valuable     materials     to     be     recovered 
namely :  — 

1.  Wool  fat. 

2.  Potash. 

The  quantities  of  wool  fat  and  potash  vary  consider- 
ably in  raw  wool.  English  wools  contain  less  than 
imported  greasy  wools.  Taking  an  average  of  many 
estimations  of  wool  fat  and  potash  it  may  be  6aid 
that  100  lbs.  of  raw  wool  will  produce  10%  of  wool 
grease  and  5%  of  potash.  Assuming  that  the 
average  grease  content  of  the  raw  wool  is  10%, 
then,  from  the  total  raw  wool  consumption  it  will 
follow  that  74  million  pounds  of  wool  fat  are  avail- 
able for  recovery,  equal  to  33,000  tons  per  annum. 

After  making  an  allowance  for  a  33%  loss  the 
figure  would  be  22,000  tons  per  annum.  Figures 
as  to  the  total  production  of  wool  grease  are  not 
available,  but  from  the  number  of  recovery  plants 
at  work  such  a  production  is  to  be  expected      The 

b2 


18 


PROCEEDINGS    OK   THE    CHKMTCAL    engineering    croup. 


possibility  of   recovering  the  potash  has   been   de- 
bated for  many  years.    Calculating  upon  the  figures 

already  given,  and  assuming  for  the  mo at  that 

the  wool  contains  the  equivalent  of  5%  of  potash, 
there  should   be   available   for   recoverv,    from  the 
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annual  consumption  of  raw  wool  in  the  United 
Kingdom,  37  million  pounds,  or  16,500  tons  of 
carbonate  of  potash. 

A  notable  and,  for  a  time,  a  successful  attempt 
was  made  to  recover  the  whole  of  the  grease  and 


ruple  effecl  evaporator  to  one-tenth  of  its  original 
bulk.  Concentration  widens  the  difference  in 
specific  gravity  between  the  emulsified  wool  fat  and 
the  aqueous  solution  of  potash  compounds.  The 
evaporated  liquor  was  then  treated  in  solid  basket 
centrifugals  in  which  the  inner  layer  of  grease  was 
removed  by  a  special  skimming  device.  The  potash 
liquor  overflowed  the  lip  of  the  rotating  basket  and 
the  sand  remained  behind. 

By  this  process  55,(100  gallons  of  liquid  were 
treated  weekly,  producing  2  tons  of  wool  fat,  1  ton 
of  carbonate  of  potash,  and  about  45,000  gallons  of 
distilled  water.  The  plant  earned  a  satisfactory 
return  on  capital  outlay,  although  only  working  at 
half  its  rated  capacity. 

The  initial  capital  outlay  for  the  necessary  plant 
was  considerable,  and  no  doubt  with  present-day 
fuel  prices  the  evaporation  cost  would  become  a 
serious  matter.  Mr.  Leach  states  that  the  working 
of  this  process  was  discontinued  because  of  a  change 
in  the  quality  of  wool  being  worked  upon  at  the 
establishment  in  which  the  recovery  plant  had  been 
erected. 

Waste  wool  scouring  liquor  is  a  highly  putreseible 
evil-smelling  liquid.  Even  after  a  preliminary 
settlement  it  contains  considerable  quantities  of 
suspended  solids,  and  also  free  and  emulsified  grease 
ranging  between  0'5  %  and  3'5  %  .  The  potash  content 
varies  between  0'5%  and  1*5%.  The  nitrogen  con- 
tent estimated  by  the  Kjeldahl  method  frequently 
reaches  25  parts  per  100,000.  At  the  present  time, 
in  almost  every  wool  washing  establishment,  means 
are  provided  for  the  recovery  of  the  wool  fat. 
Until  recent  times  this  has  been  wholly  effected  by 


Fig.  12. 


also  the  potash  by  Mr.  Walter  Leach  of  Bradford, 
the  process  being  known  as  the  "  Smith-Leach  " 
process.  Full  details  of  this  process  have  been 
given  by  Dr.  H.  Maclean  Wilson  in  his  book 
"  Trade  Waste  WTaters." 

The  spent  scouring  liquor  was  allowed  to  stand  in 
large  wooden  tanks  for  the  separation  of  sand  and 
earthy  matters.     It  was  then  evaporated  in  a  quad- 


the  acid  process  which  has  already  been  described. 
By  this  process  the  potash  salts  are  wasted,  being 
discharged  into  the  nearest  watercourse. 

In  considering  the  possibilities  as  to  the  recovery 
of  the  potash  it  was  thought  that  a  useful  purpose 
would  be  served  if  some  means  could  be  devised 
whereby  the  wool  fat  could  be  recovered  without 
interfering   with   the   detergent   properties   of   the 
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potash.  To  accomplish  this  object  apparatus  on  a 
large  scale  was  erected  for  the  purpose  of  carbon- 
ating  the  raw  wool  scouring  liquor,  thereby  convert- 
ing the  normal  sodium  carbonate  into  sodium  bi- 
carbonate,  a  non-emulsifying  substance.  By  this 
process  the  loosely  emulsified  grease  was  separated, 
and  after  heating  to  remove  the  carbon  dioxide  the 
liquor  was  found  to  be  capable  of  satisfactorily 
scouring  fresh  batches  of  wool  without  requiring 
any  further  addition  of  scouring;  materials. 

In  a  seri&s  of  churning  experiments  it  was  found 
that  the  loosely  emulsified  portions  of  wool  fat 
cohered  to  form  a  solid  mass  of  hydra  ted  wool  fat 
from  which  the  anhydrous  grease  could  be  obtained. 
Finally,  a  practicable  solution  of  the  problem  was 
arrived  at  by  means  of  a  centrifugal  process. 


of  necessity  of  small  diameter  and  capacity,  and 
cannot  therefore  work  for  long  before  becoming 
filled  with  sand  and  impurities.  Centrifugals  of 
this  type  range  between  2"  and  12"  in  diameter. 
Large  machines  are  manufactured  up  to  a  diameter 
of  42".  Such  machines  do  not  develop  the  centri- 
fugal force  obtainable  by  the  small  machines,  but 
they  have  the  advantage  that  they  can  be  run  for  a 
longer  period  before  becoming  loaded  with  sand  and 

(111!. 

When  a  centrifugal  machine  of  small  diameter  is 
adopted,  it  is  necessary  before  centrifuging  to  re- 
move by  settlement  as  much  sand  and  dirt  as 
possible  from  the  wool  washing  liquor,  as  such 
machines  have  little  dirt-carrying  capacity.  The 
settlement,    to   be    effective,    must   occupy    several 


Fig.  12a. 


Figure  12  is  a  photograph  of  a  plant  arranged 
for  the  mechanical  separation  of  wool  grease,  sus- 
pended solids,  and  soap  solution  from  wool  scouring 
liquor.  Under  the  ordinary  conditions  of  gravity 
very  little  separation  takes  place  between  these 
three  substances.  The  coarser  particles  of  sand  and 
earthy  matter  will  settle  out,  but  the  grease  being 
more  or  less  in  stable  emulsion  does  not  separate. 
By  means  of  centrifugal  force  the  effect  of  gravity 
can  be  greatly  increased,  and  thereby  the  desired 
separation  can  be  obtained.  The  centrifugal  force 
is  provided  by  means  of  the  solid  cage  or  im« 
perforate  basket  centrifugal. 

It  is  somewhat  difficult  to  decide  as  to  which  type 
of  machine  to  adopt  for  the  purpose.  Those  centri- 
fugals which  give  the  greatest  gravitation  effect  are 


hours,  as  the  magnitude  of  the  particles  of  dirt 
ranges  from  that  of  coarse  sand  to  a  finely  divided 
colloidal  suspension.  During  this  period  of  settle- 
ment decomposition  in  the  liquid  proceeds  rapidly 
owing  to  the  presence  of  nitrogenous  bodies.  The 
quality  of  the  wool  fat  is  affected  by  this  decompo- 
sition, a  portion  of  the  neutral  fat  being  split  up 
or  converted  into  free  fatty  acid,  thereby  consider- 
ably reducing  its  value  as  a  raw  material  for 
lanoline  production.  It  is,  therefore,  important 
that  the  wool  washing  liquor  be  dealt  with  imme- 
diately it  leaves  the  wool  washing  bowl.  This  is 
rendered  possible  by  the  use  of  a  large  diameter 
centrifugal  machine,  having  a  large  dirt  holding 
capacity.  It  effectively  removes  the  dirt  in  a  few 
seconds,    whereas    the    same    result    can    only    be 


20 


PROCEEDINGS    OF    THE    CHKMICAL    ENGINEERING    GROUP. 


|i:i 1 1 iall\-  effected  in  settlement  tanks  after  many 
hours.  In  addition,  the  sludge  retained  by  the 
centrifugal  machine  is  in  a  compact  form  for 
handling  and  disposal,  while  the  difficulty  of  deal- 
ing with  the  sludge  from  settling  tanks  is  well 
known.  A  portion  of  the  grease  is  also  continuously 
removed  by  this  preliminary  centrifugal,  and  this 
result,  together  with  the  removal  of  95^,  of  the  sus- 
pended earthy  matter,  produces  a  liquid  with  which 
the  centrifugal  of  narrower  diameter  can  deal  satis- 
factorily. 

First  Centrifugal  Treatment. 

The  combination  of  both  types  of  centrifugal 
machines  is  shown  in  Figure  12.  The  larger 
machine,  manufactured  by  Messrs.  Thos.  Broadbent 
and  Sons,  Ltd.,  Huddersfield,  has  a  bowl  diameter 
of  42  inches  and  revolves  at  the  rate  of  1000  revs. 
per  minute,  giving  a  peripheral  speed  of  175  feet 
per  second  and  developing  a  centrifugal  force  which 
is  equal  to  595  times  gravity.  Figure  12a  is  a 
separate  photograph  of  this  machine.  The  waste 
scouring  liquor,  after  a  preliminary  screening,  is 
heated  by  a  closed  steam  coil  to  180°  F.  It  then 
Hows  into  the  bottom  of  the  bowl  at  the  rate  of 
300  gallons  per  hour,  the  feed  being  commenced 
when  the  machine  has  attained  its  normal  running 
speed.  The  bowl  is  fitted  with  four  vertical  plates 
or  fins  which  rotate  the  liquid  at  the  same  6peed  as 
the  bowl.  The  thickness  of  the  wall  of  liquid  which 
is  built  up  is  determined  by  the  diameter  of  the 
discharge  lip  at  the  top.  In  the  machine  under 
consideration  the  lip  diameter  is  2"  to  6",  and  as 
the  bowl  diameter  is  42",  it  follows  that  the  wall  of 
liquid  has  a  minimum  thickness  of  6".  A  baffle 
ring  is  fixed  at  a  distance  of  If"  from  the  top  of 
the  bowl,  and  the  baffle  prevents  the  inner  layer  of 
wool  grease  escaping.  The  aqueous  layer  escapes 
behind  this  baffle  and  is  discharged  at  the  lip  of  the 
bowl  into  the  casing,  from  which  it  flows  by  a  pipe 
into  a  reserve  tank  for  further  treatment.  After 
the  centrifugal  has  been  working  for  a  short  period 
the  wool  washing  liquor  separates  into  three 
vertical  layers,  namely: — An  inner  layer  of  wool 
grease ;  an  intermediate  layer  of  soap  solution  with 
finely  emulsified  wool  grease ;  an  outer  layer  of  sand 
and  dirt.  The  wall  of  grease  gradually  increases  to 
a  depth  of  about  |",  when  an  adjustable  skimming 
pipe  with  a  knife  edge  intake  is  made  to  impinge 
on  the  surface  of  the  grease.  The  momentum  of 
the  grease  is  sufficient  to  promote  its  passage 
through  the  skimming  pipe  and  thence  to  a  receiv- 
ing vessel. 

The  dirt  from  the  wool  washing  liquor  is  removed 
periodically  from  the  bowl,  the  period  depending 
upon  the  quantity  of  dirt  originally  contained  in 
the  liquid.  On  the  average  it  may  be  said  that  this 
cleaning  takes  place  every  6  or  8  hours  running. 
On  stopping  the  machine  the  liquid  which  falls  to 
the  bottom  of  the  bowl  is  discharged  into  a  tank 
containing  the  raw  wool  scouring  liquor.  The  dirt 
adheres  to  the  side  of  the  machine  and  may  be  re- 
moved by  hand  in  about  ten  minutes.  The  machine 
can  be  stopped,  cleaned,  and  be  at  work  again  in 
twenty  minutes.  This  particular  type  of  machine 
is  capable  of  running  daily  for  a  period  of  twelve 
hours,  and  in  one  instance  for  six  years  without  any 
considerable  charges  for  repairs  and  upkeep.  When 
working  at  full  speed  it  requires  6  h.p.  The 
machine  is  of  the  underdriven  type  and  works  satis- 
factorily when  directly  coupled  to  a  motor  or  when 
belt  driven. 

Second  Centrifugal  Treatment. 

The  liquid  as  it  is  discharged  from  the  first 
machine  is  relieated  to  180°  F.  and  then  passes  for- 
ward to  the  high  speed  machines.  Several  types  of 
machine  may  be  utilised  for  this  purpose.  In  Fig.  12 
these  machines  are  of  the  suspended  bowl  type  and 
made  by  the  Sharpies   Separator  Company,   West- 


chester,  Philadelphia.     The  bowl  is  4  in.  diametei 

and  30  in.  long,  and  rotates  at  about  17,000  revs, 
per  min.,  with  a  peripheral  speed  of  266  it.  per 
sec.  It  develops  a  centrifugal  force  equal  to 
about  16,000  times  gravity.  Ii  is  driven  by  a  direct- 
coupled  steam  turbine  working  with  a  steam 
pressure  of  35  to  40  lb.  per  sq.  in.  Tlie  lower  end 
of  the  bowl  is  not  secured  by  a  bearing  but  is 
surrounded  by  a  guide  or  drag  bush.  This  guide 
keeps  the  bowl  in  relatively  the  correct  position, 
absorbs  vibration,  and  prevents  the  bowl  from 
swinging  out  of  the  perpendicular.  Owing  to  its 
high  speed  the  bowl  rotates  round  its  centre  of 
gravity,  and  even  a  bottom  bearing  would  not 
prevent  it  from  so  doing. 

The  wool  washing  liquor  is  fed  into  the  bowl  at 
the  bottom  at  a  normal  rate  of  flow  of  100  gallons 
per  hour.  Separation  takes  place  into  two  vertical 
layers,  an  inner  layer  of  wool  grease  and  an  outer 
layer  of  soap  solution.  The  separation  and  delivery 
of  the  two  products  is  effected  automatically,  the 
wool  fat  being  delivered  at  the  top  outlet  and  the 
soap  liquor  at  the  bottom. 

Figure  13  is  an  illustration  of  another  type  of 
centrifugal  machine  which  is  being  extensively  used 


Fig.  13. 

lor  wool  grease  recovery.  It  is  of  the  balanced  bowl 
type  and  is  underdriven  either  by  belt  or  steam 
turbine.  The  bowl  has  a  diameter  of  12  in.  and 
revolves  at  the  rate  of  6000  revs,  per  min.,  giving 
a  peripheral  speed  of  300  ft.  per.  sec.,  and  a 
centrifugal  force  equal  to  6000  times  gravity. 
Owing  to  its  wider  diameter  and  larger  sand 
carrying  capacity,  this  machine  will  run  for 
a  period  of  3  hrs.  when  dealing  with  a  liquor 
which  has  been  subjected  to  12  hrs.  settlement. 
This  machine  will  deal  with  a  flow  of  400  to  500 
galls,  per  hr.,  this  larger  capacity  being  made 
possible  by  fitting  into  the  rotating  bowl  a  number 
of  light  metal  superimposed  cones  fitted  to  a  central 
hollow  shaft.  These  cones  rotate  with  the  bowl. 
Such  an  arrangement  is  frequently  adopted  in  the 
ordinary  form  of  centrifugal  cream  separator. 
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Thy  purpose  of  these  cones  is  to  prevent  the  for- 
mation cii  eddies  and  to  increase  the  length  of  time 
under  centrifugal  force,  and  to  reduce  the  effects  of 
viscosity  and  surface  actions  which  tend  to  retard 

and  diminish   the  separation   of  wool  fat.     In   this 
machine  the  wool  fat  and  snap  solutions  are  auto- 
matically .separated  and  discharged. 
It   will   i>e   understood   that    by   the  centrifugal 

process  only  the  tree  or  emulsified  grease  can  be 
removed  from  the  wool  washing  liquor.  A  com- 
plete separation  of  the  wool  grease  is  not  possible 
with  any  of  the  machines  described. 

The  following  figures  will  indicate  the  working 
efficiencies  of  the  separation  process. 

<  '' I  by  '-  in.  machine  (Fig.  13). 

The  raw  wool  scouring  liquor  treated  contained  : 

Before  eentrifuging. 

Free  and  emulsified  grea 
Alkalinity  calculated  as  K^'n, 

1  'issoh'  ,1  sn:ip 

Sand  and  other  suspended  matter 

Result  after  eentrifuging. 

Free  and  emulsified  grease 
Alkalinity  a-  K.CO, 
Dissolved  soap 
Sand  and  other  suspended  mattei 

Results  obtained  by  4  in.  machine  (2 ■'<:/■  14). 
The  onee  centrifuged  liquor  contained  : 

Before  eentrifuging. 
Free  and  emulsified  grease 
Alkalinity  as  K .CO, 
Dissolved  soap 
Sand  and  other  suspended  matter 


214  pacts  per  cent. 
112  do. 

0-75  do. 

1-34  do. 


0-Sti 
1-12 
0-75 
1)07 


do. 
do. 
do. 
do. 


0-Sti  parts  per  cent. 
11-1  do. 

0-75  do. 

0-07 


do. 


After  eentrifuging. 

Free  and  emulsified  grease 
Alkalinity  as  KjCOs 
Dissolved  soap 
Sand  and  other  suspended  matter 

obtained  by  12  in.  machine  (Ft'/.  15). 
Before  eentrifuging. 

Free  and  emulsified  grease 

Alkalinity  as  K.COa 

Dissolved  soap 

Sand  and  other  suspended  solids   . . 

After  eentrifuging. 

Free  and  emulsified  grease 

Alkalinity  as  KaCO, 

Dissolved  soap 

Sand  and  other-suspended  solids  . . 


0-34  parts  per  cent. 
112  do. 

0-75  do. 

00035        do. 


0-54  parts  per  cent. 
0-45  do. 

0  2.1  do. 

0  34  do. 


013 
n-  IS 
0-25 
0034 


do. 
do. 
do. 
do. 


The  percentage  removal  of  crease  in  the  above  working  results  is 

as  folluu  -  : 

42  in.  machine  (Broadbent's)         ..     60%  total  giease  removed. 
4  in.  machine  (Sharpies)    . .  . .  . .     60%  do. 

12  in.  machine  (Alfa-Laval)  . .    •    . .     7ti"0  do. 

Disposal  of  the  Centrifuged  Liquor. 

The  centrifuged  liquor  from  which  the  greater 
portion  of  wool  fat  and  the  whole  of  the  dirt  has 
been  removed  has  lost  none  of  its  detergent  pro- 
perties. The  original  soap  added  to  the  scouring 
bath  is  unaffected,  and  the  liquor  is  further 
enriched  by  the  soluble  potash  soaps  derived  from 
the  raw  wool.  The  liquor  has  a  translucent 
appearance,  and  after  long  standing  there  is  no 
aggregation  of  wool  fat  particles  and  no  sedimenta- 
tion. The  liquor  is  therefore  returned  to  the  scour- 
ing bowl,  and  without  any  addition  of  soap  or  soda 
it  effectively  scours  further  hatches  of  raw  wool. 
Those  who  have  had  a  long  practical  experience  in 
wool  scouring  state  that  wool  scoured  by  centri- 
fuged liquor  is  enhanced  in  quality.  It  has  been 
found  that  after  long  continued  use  the  centrifuged 
liquor  does  not  discolour  the  wool,  neither  is  its 
quality  effected  in  any  way.  Instances  are  avail- 
able where  the  centrifuged  liquor  has  been  in 
circulation  continuously  for  many  months,  and 
when  fresh  scouring  liquors  are  made  up  exclusively 
from  centrifuged  liquor  diluted  with  water  it  will 


In-  seen  that  a  great  saving  is  effected  by  this  pro- 
cess amounting  to  75  of  the  soap  and  soda  pre- 
viously purchased  for  wool  scouring. 

Even  when  no  wool  grease  is  to  be  recovered  (as 
when  working  on  non-greasy  wool)  tin1  mere  fact 
that  after  removal  of  dirt  and  foreign  matter  tie- 
scouring  liquor  can  be  used  again  is  sufficient  to 
yield  a  satisfactory  return  on  the  capital  cost  of  the 
plant  installed.  For  this  latter  purpose  it  is  not 
necessary  to  use  high-speed  machines,  as  the  larger 
diameter  Broadbent's  machine  is  quite  effective. 

The  plant  as  illustrated  in  Fig.  12  will  recover 
3000  pounds  of  wool  fat  per  week,  and  in  addition 
effects  a  saving  of  7.5%  of  the  scouring  materials 
which  had  to  he  used  before  the  plant  was  installed. 
It  requires  the  attention  of  one  man  only,  the  plant 
requires  in  all  8  h.p.,  and  tin-  value  of  the  wool  fat 
obtained  is  to-day  more  than  twice  that  obtained 
for  wool  fat  obtained  by  the  older  process  of  acid 
treatment.  Again,  the  acid  required  by  the  older 
process  of  wool  fat  recovery,  and  which  amounts 
to  approximately  2  tons  of  acid  for  each  ton  of 
wool  fat  produced,  is  not  required,  and  its  cost 
therefore  eliminated.  The  cost  of  production  of 
wool  fat  by  the  centrifugal  process  is  half  that  of 
the  acid  process,  and  its  value  twice  that  of  the 
acid  process. 

Potash  Recovery. 

By  the  continued  re-use  of  centrifuged  liquor 
there  is  a  corresponding  increase  in  its  potash  con- 
centration. Each  visit  to  the  scouring  bowl  results 
in  an  increase  of  0.5  in  the  potash  content  of  the 
liquor.  When  this  concentration  exceeds  3%  the 
wool  does  not  readily  pass  through  the  squeezing 
rollers  of  the  scouring  machine.  The  soapiness  of 
the  liquor  nullifies  the  fractional  effect  necessary 
to  take  the  wool  into  the  rollers.  A  portion  of  the 
washing  liquor  must  then  be  discarded. 

This  discarded  liquor  is  the  subject  of  special 
consideration  at  the  present  time,  and  it  is 
definitely  proposed  to  recover  the  potash  contained 
therein.  The  question  of  potash  recovery  from  wool- 
washing  liquids  has  long  been  a  matter  for  debate. 
The  question  arises — "  Can  a  solution  containing 
the  equivalent  of  3%  of  carbonate  of  potash  be 
economically  recovered?  "  A  conservative  estimate 
has  already  been  given  as  to  the  quantity  of  potash 
which  might  be  recovered  from  raw  greasy  wool 
imported  into  this  country.  The  value  of  this 
recovered  potash  would  be  close  upon  one  million 
pounds. 

Previously  to  the  introduction  of  this  centrifugal 
process,  the  question  as  to  evaporation  cost  was  a 
serious  one.  By  the  process  described  owing  to  tho 
continued  re-use  of  the  scouring  liquor,  only  one 
quarter  of  the  liquor  would  require  to  be 
evaporated.  This  fact  has  an  important  bearing  on 
fuel  consumption,  as  it  reduces  the  quantity  other- 
wise required  by  75  .  In  addition,  the  size  of  the 
evaporating  plant  will  be  one  quarter  of  that  pre- 
viously necessary,  and  therefore  not  only  are  the 
working  costs  reduced,  but  also  the  capital  cost. 
Works  scale  evaporation  tests  have  been  carried 
out  on  a  Kestner  evaporator  with  very  satisfactory 
results.  Works  scale  incineration  tests  have  also 
been  completed,  and  no  difficulty  was  experienced 
in  producing  the  crude  carbonate  of  potash.  A 
complete  evaporation  plant  will  shortly  be  erected 
to  deal  with  4000  gallons  per  week  of  scouring 
liquor  containing  3;^  of  potash.  This  plant  will 
produce  1200  lbs.  per  week  of  crude  carbonate  of 
potash. 

It  is  very  desirable  that  the  potash  should  be 
recovered  by  evaporation,  as  by  so  doing  there 
would  be  no  discharge  of  polluting  liquid  from  the 
wool  scouring  process,  other  than  various  wash 
waters  which  are  quite  amenable  to  chemical 
purification   by    the    method   described    under    the 
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do. 
do. 
do. 
do. 
do. 


heading  "  Treatment  of  General  Eflluent."  A 
crude  wool  washing  liquid  is  perhaps  one  of  the 
most  polluting  liquids  discharged  from  any  indus- 
trial process.  The  following  analysis,  published  by 
the  courtesy  of  Dr.  Wilson,  of  the  West  Riding  of 
Yorkshire  Rivers  Hoard,  in  whose  laboratory  the 
analysis  was  made,  is  an  average  of  a  number  oi 
samples : — - 

Solids  dried  at  100°  C 2388-3  parts  per  100,000. 

Ash  853-0  do. 

Oxygen  absorbed  in  4  hours  at  80°  F.   ..      213-43  do. 

Total  fatty  matter  834-63  do. 

Unsaponiflable  matter 316-33  do. 

Percentage  of  unsaponiflable  matter     . .        37-86  do. 

Acid  required  to  neutralise  (in  terms  of 

H2SO.) 385-80 

Total  alkalinity  (in  terms  of  KsCO,)    ..      543-30 

Total  alkalinity  (in  ash) 419" 

Potash  (in  terms  of  K.CO,)        ..  ..      417-7 

Nitrogen  (from  free  and  saline  ammonia)        16-2 

Organic  nitrogen  (Kjeldahl)        . .  . .        33-81 

Even  after  precipitation  of  the  wool  fat  and  sub- 
sequent settlement  and  nitration  (as  in  the  method 
described  for  treatment  of  scouring  liquor  in  a 
cloth  establishment),  together  with  a  lime 
neutralisation  treatment,  the  effluent  is  of  a  highly 
polluting  character,  owing  chiefly  to  its  high 
nitrogen  content.  It  has  been  suggested  that  treat- 
ment on  biological  filters  would  oxidize  the  nitro- 
genous impurities  and  thereby  render  the  liquid 
more  suitable  for  discharge  into  the  watercourse. 

It  will  be  evident  that  the  treatment  of  waste 
wool  washing  effluent  can  be  satisfactorily  accom- 
plished and  figures  are  available  to  show  that  the 
process  is  being  carried  out  in  a  very  profitable 
manner.  The  statement  may  be  supported  by  the 
fact  that  many  of  these  installations  are  at  work 
and  in  course  of  construction.  In  wool  washing,  as 
in  many  other  industries,  there  is  a  growing  appre- 
ciation of  the  fact  that  values  have  changed 
considerably  since  the  year  1914,  and  very  close 
attention  is  therefore  being  given  to  any  practic- 
able method  of  waste  elimination. 

The  detergent  action  of  Soaps  is  a  matter  of  con- 
siderable scientific  and  technical  interest  at  the 
present  time.  Information  of  great  value  in  regard 
to  the  physical  properties  of  soap  solution  is 
presented  in  the  "  Third  Report  on  Colloid 
Chemistry,"  published  for  the  Department  of 
Scientific  and  Industrial  Research  under  the  head- 
ing "  Colloidal  Chemistry  of  Soap,"  by  Professor 
J.  W.  McBain. 

The  following  statement,  taken  from  the  above 
work,  may  be  quoted: — "  Krafft  has  quite  rightly 
insisted  that  the  soaps  must  be  in  solution  in  order 
that  such  solutions  should  exhibit  appreciable 
detergent  action,"  and  again  it  is  stated  that  "  hot 
water  is  necessary  for  tallow  soaps  which  consist 
largely  of  palmitate  and  stearate;  as  Jackson 
(Cantor  Lecturer)  has  pointed  out,  potassium  soaps 
are  more  soluble  in  the  cold  than  sodium  soaps." 

It  would  appear  that  this  statement  has  an 
important  bearing  upon  the  value  of  centrifuged 
liquor  as  a  detergent  for  wool.  It  has  been  pointed 
out  that  this  liquor  consists  of  a  solution  of  the 
potassium  salts  of  various  fatty  acids.  With  an 
ordinary  scouring  soap  .of  good  quality  the 
temperature  of  the  scouring  bath  should  not  exceed 
130°  F.  on  fine  wools.  It  may  be  stated  that  the 
more  soluble  the  soap  (provided  the  colloidal  condi- 
tion be  maintained)  the  more  effective  will  be  the 
detergent  action  at  a  given  temperature. 

A  potassium  soap  being  more  soluble  than  a 
sodium  soap,  in  the  cold,  it  might  be  supposed  with 
some  degree  of  probability,  that  wool  washing  can 
be  carried  out  at  a  lower  temperature  by  the 
recovered  potassium  soap  than  by  any  of  the  sodium 
soaps. 

Scouring  at  a  lower  temperature  will  also  tend  to 
minimise  the  effect  of  the  detergent  upon  the  fat 
which  is  found  to  be  an  essential  part  of  the  nucleus 
cell  of  the  wool  fibre  and  which  when  removed  leaves 
the  fibre  in  a  harsh  condition. 


Production  of  Lanoline  from  Wool  Fat. 
Wool  fat  which  has  been  obtained  from  wool 
washings  by  the  acid  recovery  process  is  quite  un- 
suitable for  the  production  of  lanoline  owing  to  its 
lutili  content  of  free  fatty  acids,  which  in  some  cases 
leaches  60  Tin-  British  Pharmacopo?ia  gives  the 

following  definition  of  lanoline:  — 

A  yellowish,  tenacious,  nnctuous  substance. 

Almost  inodorous. 

Melting-point  about  40°  C. 

A  solution  of  0"1  grm.  in  5  mm.  of  chloroform 
and  0'5  mm.  of  acetic  anhydride  when  poured  upon 
the  surface  of  5  mm.  of  H.S04  in  a  test  tube  should 
produce  a  purplish  brown  ring,  the  upper  layer 
gradually  changing  to  green. 

A  solution  of  02  grm.  in  10  mm.  of  either  should 
remain  colourless  on  addition  of  2  drops  of  phenol- 
phthalene. solution.  This  solution  of  lanoline  should 
turn  to  a  deep  red  on  addition  of  1  drop  of  normal 
solution  of  NaOH. 

On  heating  with  NaOH  no  ammoniacal  odour 
should   be   evolved. 

Ash  not  more  than  0'3%. 

Wool  fat  obtained  by  the  centrifugal  process,  and 
which  has  been  carefully  washed  for  the  removal 
of  soluble  and  suspended  impurities  will  comply 
with  the  foregoing  specification.  The  wool  fat  for 
this  purpose  should  be  obtained  from  a  wool  wash- 
ing liquor,  which  has  not  been  allowed  to  stand  for 
more  than  a  few  hours,  as  otherwise,  owing  to  the 
hydrolysis  of  the  neutral  fat,  the  resulting  product 
will  be  found  to  contain  too  high  a  proportion  of 
fatty  acids  to  meet  the  requirements  for  lanoline. 

It  is  hoped  that  sufficient  has  been  said  to 
indicate  the  importance  of  waste  recovery  from  the 
various  effluents  associated  with  the  woollen  textile 
industry.  There  is  still  scope  for  further  investiga- 
tion both  in  regard  to  the  recovery  of  waste  products 
and  also  as  to  the  more  efficient  operation  of  the 
manufacturing  processes  involved.  Careful  and  con- 
tinued investigation  and  research  will  undoubtedly 
be  of  great  benefit  to  the  industry. 

Another  important  trade  is  that  of  wire  drawing. 
Centres  are  established  in  various  parts  of  the 
British  Isles.  In  the  West  Riding  of  Yorkshire 
large  and  important  works  are  situated  for  the 
production  of  various  grades  of  wire,  which  consists 
in  drawing  6teel  rods  through  dies  which  reduce 
the  diameter  to  a  given  gauge.  Before  the  wire 
can  be  drawn  it  must  be  cleaned.  The  cleaning 
process  consists  in  removing  the  external  rust 
(which  consists  of  mixed  oxides  of  iron)  by  means 
of  hydrochloric  acid,  for  which  purpose  the  coils 
of  wire  are  dipped  into  the  hydrochloric  acid. 
This  treatment  dissolves  the  oxides  of  iron,  and 
therefore  cleans  the  surface  of  the  wire,  which,  after 
washing  with  water,  is  dipped  into  a  tank  con- 
taining milk  of  lime  to  neutralise  residual  traces 
of  hydrochloric  acid.  It  is  also  said  that  the  lime 
treatment  prevents  subsequent  oxidation.  The 
hydrochloric  acid  is  mixed  with  water  in  varying 
proportion  before  being  used  for  the  cleansing  or 
"pickling"  process.  Under  ordinary  conditions 
the  hydrochloric  acid  solution  is  diluted  to  a 
strength  of  sp.  gr.  of  1"05. 

The  filtered  waste  liquor  gives  on  analysis  the 
following  figures :  — 


Ferrous  chloride 
Hydrochloric  acid 
Water 


18-30  parts  per  cent. 

0-40  do. 

81-30  do. 


Figure  14  is  a  photograph  of  a  plant  which  deals 
with  1000  gallons  of  waste  wire  cleaning  liquor  per 
day,  having  the  composition  shown  by  the  foregoing 
analysis.  The  process  to  be  described  consists  in 
treating  the  waste  liquor  with  sulphuric  acid  and 
subsequent  distillation  for  the  recovery  of  hydro- 
chloric acid.  This  treatment  converts  the  dissolved 
iron  into  ferrous  sulphate  which  is  also  recovered. 
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The  waste  "pickle"  is  brought  from  the  works 
in  10-gallon  carboys,  and  these  are  emptied  on  to 
one  of  the  filters  shown.  The  filters  are  constructed 
iii  brickwork  with  a  concrete  bottom,  into  which 
suitable  channels  are  arranged  for  the  outflow  of 
filtered  liquid.  The  filters  arc  treated  throughout 
with  a  thin  solution  of  bitumen,  for  protection 
against  the  slight  proportion  of  free  hydrochloric 
aeid  in  the  liquid. 

The  filtrate  is  collected  in  a  stone  tank,  and  from 
thence  is  raised  by  compressed  air  lift  system  into 
one  of  the  larger  treatment  tanks.  Three  of  these 
tanks  are  provided,  each  holding  1300  gallons.  At 
this  stagi'  the  chemical  treatment  takes  place.  Sul- 
phuric acid  of  80%  strength  is  added  in  proportion 
equivalent  to  the  equation 

FeCl2+Hj,S04=FeSO«+2HCl. 

It  is  found  that  1000  gallons  of  "  pickle  "  require 
L700  lb.  of  80      sulphuric  acid  (B.  0.  V.). 

In  the  cold  there  is  no  emission  of  gaseous  hydro- 
chloric acid.  The  treated  liquid  is  effectively 
agitated,  and  is  then  elevated  as  required  into  an 


portion  and  3  in.  diameter.  Water  is  sprayed  over 
the  pipes  for  condensing  purposes.  The  condensate 
flows  into  a  stoneuaii'  receiver,  and  from  thence 
the  recovered  hydrochloric  acid  runs  into  carboys 

which  are  returned  to  the  arid  pickling  baths.     An\ 

uncondensed  fumes  pass  into  a  stoneware  absorp- 
tion tower  packed  with  earthenware  rings  and  sup- 
plied with  a  little  water.  The  system  works  on  the 
natural  draught  produced  by  the  chimney.  During 
the  period  of  distillation  of  the  hydrochloric  acid 
the  hulling  point  is  115°  C. 

The  liquid  which  passes  out  at  the  bottom  of  the 
cascade  consists  ul  a  saturated  solution  of  ferrous 
sulphate  containing  in  suspension  anhydrous  ferrous 
sulphate.  It  is  conveyed  by  means  of  a  lead-lined 
trough  into  crystallising  tanks  constructed  from 
stone  slabs,  each  9  ft.  long  by  4  ft.  wide  by  1  ft.  6  in. 
deep.  When  one  of  the  tanks  is  almost  filled,  suffi- 
cient water  is  added  to  convert  the  anhydride  and 
monosulphate  into  the  crystalline  ferrous  sulphate 
or  copperas.  This  solution  is  allowed  to  cool  when 
the  ferrous  sulphate  crystallises  out.  The  mother 
liquor  is  drained  away   into  a  separate  stone  tank. 


Fig.  14. 


overhead  supply  tank.  From  this  tank  a  regulated 
quantity  is  continuously  delivered  to  the  distilla- 
tion plant,  which  in  this  case  takes  the  form  of  a 
cascade.  It  is  of  the  usual  type,  and  is  fitted  with 
14  enamelled  cast  iron  basins  each  12  in.  diameter. 
Each  basin  delivers  to  the  nest  one  by  means  of  a 
deep  spout.  The  cascade  is  heated  by  producer  gas 
through  four  1  in.  Bunsen  burners.  The  cascade  is 
covered  by  obsidianite  blocks  and  two  vapour  out- 
lets are  provided  for  the  distilled  vapours.  It  is 
found  that  from  the  upper  basins  the  vapour  con- 
tains but  a  small  proportion  of  hydrochloric  acid, 
but  that  acid  of  1"11  sp.  gr.  is  given  off  at  the  lower 
basins.  Where  desirable  the  strong  and  weak  acids 
may  be  separated.  The  average  strength  of  the 
hydrochloric  acids  is  1*055  sp.  gr.,  and  as  this  is 
the  strength  at  which  the  acid  is  used  in  the 
"  pickling"  process,  there  is  no  necessity  to  sepa- 
rate the  two  distillates.  The  vapours  from  the  two 
outlets  pass  into  their  respective  condensers.  The 
outlet  pipes  and  condensers  are  of  stoneware.  The 
condensers  are  of  the  S  bend  type.  Each  condenser 
contains  seven  pipes,  each  5  ft.  long,  in  the  straight 


and  is  returned  by  means  of  a  steam  ejector  to  the 
large  chemical  treatment  tank.  The  ferrous  sul- 
phate crystals  are  drained  and  packed  into  bags. 

The  plant  as  illustrated  is  callable  of  dealing  with 
5000  gallons  of  waste  "  pickle  "  liquor  per  week, 
giving  the  following  results  :  — 

Quantity  of  liquor  per  week           . .         . .         . .  5,000  gallons. 

Sulphuric  acid  used  lor  treatment           ..        ..  4  tons. 

Producer  gas  (140  B.T.U.) 54, ft. 

Steam  for  air  compressor  and  agitating   ..         ..  1,100  1b. 

Labour,  1  man  per  shift      . .          . .          . .          . .  3  men. 

Production. 

The  plant  produces 

Ferrous  sulphate  (copperas)  ..        ..        ..        5-3  tons. 

Hydrochloric-  add  too  carboys.     4,000  galls,  of  sp.  gr.  1-05 

The  working  results  show  a  hydrochloric  acid 
recovery  efficiency  of  86%  .  After  making  due  allow- 
ance for  depreciation,  interest  on  capital,  and  other 
Overhead  charges,  there  remains  a  very  satisfactory 
margin  of  profit  by  the  working  of  this  process. 
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Hitherto  waste  "pickle"  liquor  could  only  be 
disposed  of  ai  considerable  cost.  It  is  a  strongly 
polluting  liquor,   and   before  the  process  described 

had  been  developed  lime  treatment  was  the  only 
practicable  method  of  purification.  By  tliis  method 
large  quantities  oi  ferrous  hydroxide  were  produced, 
which  could  not  be  dried  except  ai  great  cost. 
Filter  pressing  was  found  to  be  unsuitable,  and  no 
use  could  lie  found  lor  this  Bludgy  product. 

Ii  is  oi  interest  to  note  that,  owing  to  the  increas- 
ing use  of  sulphur  dyes  in  the  textile  trades,  larger 
quantities  of  ferrous  sulphate  will  be  required  for 
i  he  purification  of  textile  effluents.  The  market  for 
the  ferrous  sulphate  obtained  from  the  wire  cleaning 
effluent  will  most  probably  be  conveniently  found  in 
its  application  to  textile  effluent  purification. 

i  onclusion . 

In  conclusion,  it  is  hoped  that  the  matters  which 
have  been  referred  to  will  suffice  to  draw  increased 
attention  to  the  possibilities  that  exist  in  the 
exploitation  of  waste.  Many  years  of  intimate 
association  with  various  industries  accentuate  the 
fact  that  there  is  a  most  profitable  and  interesting 
field  for  investigation  and  research  in  connection 
with  the  waste  and  by-products  of  industry. 
Courage,  capital,  knowledge  and  enterprise  are  the 
necessary  equipment  for  dealing  with  this  unchecked 
waste.  Two  industries  only  have  been  referred  to. 
in  these  industries  alone  the  value  of  the  materials 
still  wasted  may  be  counted  in  millions  sterling. 
Careful  observation  has  shown  that  in  other  trades 
of  similar  magnitude  large  possibilities  for  waste 
prevention  exist.  The  work  is  full  of  interest,  and 
every  successful  unit  of  waste  prevention  promotes 
a  feeling  of  satisfaction  to  its  originator. 


Discussion. 

Before  opening  the  meeting  for  discussion,  Dr. 
Hodgson  called  upon  Mr.  H.  Talbot  (Hon.  Sec.  of 
the  Chemical  Engineering  Group)  to  explain  the 
origin  and  objects  of  the  Group  and  intimate  the 
practice  of  the  Group  in  conducting  discussions  at 
its  meetings. 

Mr.  0.  Reynard,  of  the  Bradford  Wool  Extract- 
ing Co.,  Bradford,  commented  on  the  pioneer  work 
done  by  the  lecturer  in  developing  schemes  of  waste 
recovery,  and  in  particular  paid  tribute  to  the 
efficacy  of  the  screening  device  for  separating  fibre 
from  the  waste  liquor.  His  (Mr.  Reynard's)  ex- 
perience chiefly  lay  in  the  direction  of  treatment  of 
effluents  from  wool  scourings.  He  had  tried  the 
centrifugal  method  of  extraction  of  wool  fat  advo- 
cated by  Mr.  Chambers,  and,  although  qualitatively 
it  was  a  pronounced  success,  he  had  only  been  able 


to  secure  about  10     oi  the  available  wool  faf  instead 

of  (X)  or  7"i  ,  as  mentioned  by  Mr.  Chambers. 
He  (Mr,  Reynard)  thought  the  explanation  oi  the 
diffii  ultj  in  ell, cting  a  bigger  extraction  ».i-  to  be 
found  in  the  existence  in  the  emulsion  of  the  wool 

fat  two  degrees  of  "  fineness."  The  coarser  of  the 
two  was  rapidly  removed  and  represented  the  4u 
extraction  that  he  had  been  able  to  obtain  on  a  com- 
mercial siale;  the  other  it  is  not  possible,  with 
pres  nt  apparatus,  to  separate  completely, 
fat  appears  to  approximate  more  to  the  nature  of 
a  true  solution.  Mr.  Reynard  made  reference  to 
the  "  frothing  process  "  of  extraction  of  wool  fat. 
and  also  to  attempts  which  had  been  made  to  extract 
the  soluble  potash  salts  by  cold  soaking. 

Mr.  E.  A.  Alliott,  of  Messrs.  Manlove,  Alliott 
and  Co.,  Nottingham  and  London,  made  reference 
to  the  best  practice  in  steaming  the  magma  in  filter 
presses  for  thorough  extraction  of  the  fat..  He  also 
inquired  from  Mr.  Chambers  the  extent  or  foaming 
experience  when  evaporating  the  liquor  for  the 
recovery  of  potash  salt- 

Mr.  Jafi'E  (Messrs.  Richardson  and  Jaffe,  Brad- 
ford) asked  whether  any  steps  were  taken  to 
eliminate  arsenic  in  the  acid  recovered  from  wast:.' 
pickle  liquors,  as  presence  of  this  element  led  to 
detrimental  action  on  the  iron  in  subsequent  use 
of  the  acitl. 

Mr.  Chambers,  in  his  reply,  thanked  Mr. 
Reynard  for  his  remarks,  and  pointed  out  that  the 
results  given  in  the  paper  had  been  for  the  most 
part  obtained  on  a  commercial  scale  at  the  works 
of  Messrs.  Jarmain  and  Sons,  Kirkheaton,  Hudders- 
field,  owing  to  the  kindness  and  interest  of  Mr. 
Geof.  Jarmain.  In  particular  the  frothing  process 
bad  been  tried,  but  invariably  led  to  bacterial  de- 
composition of  the  wool  fat  unless  steps  were  taken 
to  sterilise  or  filter  the  air  before  use.  The  churn 
process  had  also  been  tried,  but  was  only  partially 
successful,  and  far  less  effective  than  the  methods 
described  in  the  paper.  With  reference  to  the  fine- 
ness of  the  emulsified  wool  fat,  he  (Mr.  Chambers) 
was  of  opinion  that  developments  of  the  centrifugal 
process  were  easily  possible,  and  would  effect  a  very 
considerable  increase  in  the  percentage  recovery. 

In  reply  to  Mr.  Alliott,  Mr.  Chambers  explained 
that  the  frothing  of  the  potash  solution  was  rather 
an  advantage  than  the  reverse,  and  the  "  Kestner  " 
type  evaporator,  which  had  been  exclusively  used. 
worked  admirably  under  these  conditions. 

Dealing  with  Mr.  Jaffe's  point,  Mr.  Chambers 
said  that  no  trouble  had  yet  been  experienced  from 
arsenic  contamination  in  the  recovered  acid,  the 
design  of  plant  being  such  as  to  obviate  this. 

Dr.  Hodgson  closed  the  meeting  by  asking  them 
to  pass  a  very  hearty  vote  of  thanks  to  Mr. 
Chambers  for  his  paper,  which  was  passed  with 
acclamation. 


THE    INDUSTRIAL    APPLICATIONS    OF 

ELECTRICAL    PRECIPITATION 

METHODS. 

By    Dr.    H.    J.    BUSH. 

(.1  paper  read  at  a  Joint  Meeting  of  the  Chemical  Engineering  Group  with  the  Manchester  Section 
of  the  Society  of  Chemical  Industry  at  the  Textile  Institute.  Manchester,  on  November  4/A,  1921.  Mr. 
John  Allan,  Chairman  of  the  Manchester  Section  of  the  Society  in  the  Chair.) 


In  1824,  Holilfold,  of  Leipzig,  suggested  the 
removal  of  suspended  parti  :lea  from  gas  bj  means oi 
electrical  discharges.  He  Found  tli.it  if  a  wire  hung 
in  a  bottle  rilled  with  smoke  were  electrified,  the 
smoke  cleared  rapidly,  and  a  deposit  formed  on  the 
sides  and  bottom  of  the  bottle.  His  suggestion 
seems  to  have  been  forgotten  until  about  25  years 
later,  when  C.  F.  Guitard  of  London  again  called 
this  phenomenon  to  public  attention,  but  nothing 
further  seems  to  have  resulted.  In  1884-6  Sir 
Oliver  Lodge  again  brought  up  the  subject  in  a 
series  of  articles,  his  researches  and  discoveries 
being  made  independently  of  the  earlier  investiga- 
tions. The  object  he  had  in  view  was  to  use  elec- 
trical discharges  as  a  mean-  of  dissipating  fog  and 
smoke.  In  1885,  Sir  Oliver  Lodge,  in  conjunction 
with  A.  O.  Walker  and  W.  M.  Hutchings,  carried 
out  a  series  of  experiments  on  lead  fumes  at  the 
Dee  Bank  Lead  Works  in  Wales,  but  the  means  of 
generating  electricity  at  their  command  were  not 
sufficient  to  develop  the  system  into  a  technical 
success,  and  the  work  was  abandoned.  The  work 
led  to  the  first  patents  being  taken  out  in  England 
and  other  countries  in  1884  to  1886.  During  the 
same  period,  and  quite  independently,  Dr.  Karl 
Moeller  of  Brackwede,  Germany,  experimented  with 
the  electrical  precipitation  of  dust  and  fume,  and 
obtained  a  patent  in  Germany  in  1884,  No  com- 
mercial application,  however,  was  made  of  this 
method. 

During  the  following  20  years,  beyond  an  occa- 
sional article  calling  attention  to  the  possibilities  of 
electrical  precipitation,  and  a  few  patents  on  details 
and  modifications  issued,  very  little  was  done  and 
no  permanent  commercial  installation  resulted. 

In  1906.  Dr.  F.  G.  Cottrell,  present  Director  of 
the  United  States  Bureau  of  Mines,  who  was  then 
Professor  of  Physical  Chemistry  in  the  University  of 
California,  had  occasion  to  repeat  the  early  experi- 
ments of  Lodge,  while  studying  the  removal  of  acid 
mists  in  the  contact  sulphuric  acid  process.  He 
became  convinced  of  the  possibilities  of  commercial 
application  of  electrical  precipitation;  and  teste 
made  at  the  Hercules  Works  of  the  Du  Pont  de 
Nemours  Company  at  Pinole,  California,  in  1906, 
demonstrated  this  conclusively.  The  first  com- 
mercial installation  of  any  size  was  made  at  the 
plant  of  the  Selby  Smelting  and  Lead  Company,  on 
San  Francisco  Bay,  for  the  collection  of  sulphuric 
acid  fumes  arising  from  parting  kettles. 

The  Western  Precipitation  Company  and  the 
International  Precipitation  Company  of  California 
were  organised  in  1907  for  the  purpose  of  adminis- 
tering the  patent  rights  of  the  Cottrell  processes  in 
domestic  and  foreign  fields  respectively. 

In  1912,  certain  precipitation  rights  in  the  United 
States,  not  controlled  by  the  Western  Precipitation 
Company,  were  offered  to  the  Smithsonian  Institu 
tion,  which,  however,  under  its  charter,  could  not 
conduct  the  business  activities  the  offer  entailed, 
and  a  separate  organisation  was  incorporated  for 
this  purpose.  This  organisation,  the  Research 
Corporation,  witn  headquarters  in  New  York  City, 
is   now  actively  engaged  in   this  work. 


Ill  England  electrical  precipitation  has  been 
prosecuted  independently  by  Sir  Oliver  Lodge  and 
by  his  sons  under  the  name  of  "  The  Lodge  Fume 
Company." 

To  render  air  a  conductor  of  electricity,  the 
negative  ions  must  be  ejected  from  its  molecules ;  it 
therefore  requires  to  be  subjected  to  ionisation. 
which  can  be  brought  about  by  various  agents,  6tich 
as  radium,  ultra-violet  rays  of  a  certain  wave 
length,  Rontgen  and  Becquerel  rays,  high  tempera- 
tures,  chemical  reaction,  and,  finally,  electrical  dis- 
charge.  The  rays  that  effect  ionisation  lie  in  the 
extreme  ultra-violet  section  of  the  spectrum,  and 
the  line  of  demarcation  between  the  ionising  and 
non-ionising  portion  is  sharply  defined,  red  rays, 
however  powerful,  not  having  the  slightest  influence 
on  the  conductivity  of  air. 

Though,  generally  speaking,  air  may  be  considered 
an  excellent  insulator,  measurements  with  delicate 
instruments  have  revealed  that  it  will  always  convey 
a  small  amount  of  electricity,  and  the  origin  of  this 
so-called  residual  conductivity  has  occasioned  much 
speculation  and  research.  Tests  were  carried  out  in 
ordinary  rooms,  in  places  many  feet  below  the  sur- 
face of  a  lake,  and  even  in  mid-Atlantic  to  eliminate 
as  far  as  possible  all  disturbing  influences,  but, 
though  much  reduced  in  the  last  case,  residual 
conductivity  still  remained.  Prof.  McLellan  of 
Toronto  went  so  far  as  to  test  a  sample  of  air  en- 
closed in  a  box  made  of  ice,  and  this  sample  cer- 
tainly showed  the  lowest  conductivity  of  any.  Prob- 
ably this  small  amount  of  conductivity  always 
present  in  air  is  due  to  the  small  traces  of  radium 
which  can  be  detected  in  almost  all  rocks. 

Electrical  precipitation  on  an  immense  scale 
occurs  in  nature,  brought  about  by  the  electrical 
phenomena  taking  place  in  the  atmosphere  acting 
on  the  particles  of  dust  and  moisture  suspended 
therein ;  it  is  only  during  the  last  7  or  8  years 
that  reliable  measurements  have  been  taken  of  the 
amount  of  electricity  passing  with  a  flash  of  light- 
ning and  of  the  length  of  the  disruptive  discharge. 
C.  E.  I.  Wilson  made  a  series  of  very  valuable 
observations  at  Cambridge  with  the  use  of  delicate 
instruments  installed  at  two  places  a  considerable 
distance  apart.  The  charged  thunder  cloud  pro- 
duces at  places  in  its  neighbourhood  certain  elec- 
trical effects  which  are  measurable,  and  the  magni- 
tude of  which  varies  with  the  distance  of  the  cloud 
and  the  quality  of  the  discharge  taking  place  to 
earth.  It  was  found  that  the  average  flash  of  light- 
ning had  a  length  of  10  km.  and  that  the  amount 
of  electricity  was  equal  to  30  coulombs.  At  the 
observation  point  the  potential  gradient  was 
2000  volts  per  metre,  and  it  is  safe  to  assume  that 
in  the  direct  line  of  actual  discharge  it  wTas  higher 
still.  Taking  the  lower  value,  however,  it  follows 
that  the  actual  difference  of  potential  before  the 
disruptive  discharge  occurred  was  no  less  than  20 
million  volts,  and  calculating  on  30  coulombs,  the 
energy  liberated  is  equivalent  to  that  of  dropping  a 
load  of  600  tons  through  a  distance  of  100  metres. 
It  is,  furthermore,  possible  to  calculate  the  expanse 
of    the    cloud    required    to    accumulate    the    above 
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charge,  and  tins  is  found  to  be  an  area  of  one  square 
kilometre.  It  is  surprising,  in  view  of  the  enormous 
amount  of  force  involved,  that  the  damage  done  is 
comparatively  so  small.  Fortunately  it  is  not 
necessary  to  face  such  extremes  in  industrial  elec- 
trical precipitation.  The  formation  of  these  largo 
quantities  of  electricity  has  been  explained  by  the 
action  of  rain  drops.  It  had  been  known  for  some 
time  that  peculiar  electrical  conditions  existed  at 
the  foot  of  waterfalls  when  Lenard  took  up  his  re- 
searches on  the  electrification  produced  by  splashing 
water.  He  found  that  when  water  drops  strike  on 
a  surface  and  break  up,  the  water  is  positively  elec- 
trified and  the  air  negatively.  Further,  the  impuri- 
ties in  the  water  may  considerably  affect  the 
phenomenon,  some  more  than  othere.  For  instance, 
Lenard  found  he  could  greatly  modify  the  elec- 
trification by  adding  traces  of  methyl  violet — traces 
so  minute  that  they  could  not  be  detected  by  the  eye. 

The  peculiar  effect  of  electrification  on  water 
spray  can  be  demonstrated  by  the  following  experi- 
ments. If  a  jet  of  water  is  allowed  to  pass  upwards 
through  a  central  orifice  of  a  metal  dish;  the  spray 
may  be  so  fine  that  practically  no  sound  is  produced 
by  the  falling  particles  striking  the  dish.  If  now 
an  electrified  ebonite  rod  is  held  up  to  the  spray, 
the  fine  particles  will  form  larger  drops  and  produce 
a  very  distinct  patter  as  they  fall  into  the  dish. 
Again,  if  the  shadow  of  a  jet  of  steam  is  projected 
onto  a  screen,  and  the  orifice  from  which  the  steam 
is  issuing  approached  by  a  wire  connected  with 
an  induction  coil,  the  shadow  of  the  steam  becomes 
much  darker,  showing  that  the  particles  have 
become  larger. 

Rain  drops  rarely  exceed  5J  mm.  in  diameter,  and 
if  they  grow  by  condensation  they  very  quickly 
break  up  into  smaller  droplets,  with  the  resultant 
phenomena  of  electrification.  Now  before  a  thunder- 
storm there  can  always  be  observed  an  upward 
current  of  air  laden  with  moisture.  As  it  cools  the 
moisture  separates  into  drops  which  grow  larger  and 
larger  until  the  upward  current  of  air  will  no  longer 
support  their  weight.  As  they  drop  they  break  up 
into  smaller  particles  and  spray.  The  larger  par- 
ticles are  positively  electrified  and  the  fine  spray  is 
electrified  negatively  by  contact  with  the  air.  This 
fine  spray  is  carried  upward  by  the  air  current,  and 
thus  the  two  charges  become  separated  and  a  rain 
cloud  is  formed  with  positively  charged  drops  at  the 
bottom  and  the  negatively  charged  fine  spray  at 
the  top.  If  the  charge  is  sufficiently  high?  a  spark 
will  pass  within  the  cloud,  and  the  electric  field  is 
destroyed;  but  imagine  a  horizontal  wind  carrying 
away  the  light  spray,  and  thus  separating  the  two 
components;  there  will  be  one  cloud  with  an  entirely 
negative,  and  one  with  a  positive  charge,  and  pro- 
vided the  potential  is  sufficiently  high  a  disruptive 
discharge  will  take  place  from  either  to  earth.  It 
is  actually  the  fact  that  heavy  rain  shows  positive 
and  fine  rain  negative  electricity.  The  above  is  only 
one  of  a  number  of  possible  explanations  that  have 
been  put  forward  for  the  electrical  phenomena 
occurring  during  a  thunderstorm.  It  will  be  readily 
seen  that  any  solid  or  liquid  particles  straying  into 
the  powerful  field  established  between  a  cloud  and 
earth  will  undergo  electrical  precipitation  in  a 
manner  similar  to  that  practised  industrially. 

On  the  whole  the  passage  of  electricity  through 
air  is  like  that  through  electrolytes,  though  there 
are  some  fundamental  differences.  The  wider  the  air 
gap  separating  two  points  of  different  potential,  the 
greater  the  quantity  of  electricity  passing,  also  the 
current  does  not  increase  in  direct  proportion  with 
the  voltage.  This  holds  good  within  certain  limits. 
When  the  two  poles  of  a  direct  current  source  of 
supply  are  connected  across  an  air  gap  the  relation 
between  current  and  potential  will  not  follow  Ohm's 
law;  after  a  certain  voltage  has  been  reached  no 
increase  in  current  can  be  effected  by  raising  the 
voltage.    A  point  of  saturation  has  been  reached. 


To  explain  the  above  the  ions  present  in  the  air 
gap  must  l)e  regarded  as  the  carriers  of  the  electric 
current.  The  number  of  these  present  at  any  time 
limits  the  conductive  capacity  of  the  air  gap,  with 
the  result  that  unless  their  number  is  increased  by 
other  means,  no  increase  of  current  beyond  a  point 
corresponding  to  their  carrying  capacity  can  be 
brought  about  by  raising  the  voltage.  This  holds 
good  only  up  to  a  certain  voltage  varying  with  the 
size  of  the  air  gap,  above  which  the  potential  dif- 
ference will  set  up  ionisation  of  the  gas,  and  the 
current  having  now  more  ions  to  transport  it  will 
again  increase  as  the  voltage  rises.  The  gas  at  this 
stage  will  become  as  good  a  conductor  of  electricity 
as  a  first-class  electrolyte,  e.g.,  dilute  sulphuric  acid, 
and  this  condition  of  high  conductivity  is  a  per- 
fectly stable  one,  and  no-wise  comparable  with  a 
discharge  from  a  Leyden  jar.  In  electrical  precipi- 
tation of  liquids  and  solids  from  gases  as  developed 
technically,  a  strong  electrical  field  is  established  by 
connecting  one  6et  of  electrodes  to  a  source  of  high- 
tension  potential,  and  the  other  set  to  earth,  the 
air  gap  between  the  two  sets  of  electrodes  forming 
a  link  in  the  circuit.  The  electrodes  are  shaped  to 
meet  the  particular  requirements,  and  may  either 
be  earthed  plates  opposed  by  charged  wires  between 
which  the  gas  to  be  cleaned  is  led,  or  they  may  be 
earthed  pipes  with  charged  wires  suspended  in  them, 
the  gas  travelling  through  the  pipes  and  depositing 
the  particles  on  the  inside  of  the  pipes.  When 
a  solid  or  liquid  particle  carried  along  by  the  gas 
current  comes  within  a  high-tension  electric  field  it 
is  subjected  to  a  number  of  diverse  influences.  It 
may  suffer  polarisation  of  its  electrical  charges, 
tending  to  drive  it  towards  the  charged  electrode. 
Secondly,  it  will  be  subjected  to  a  bombardment 
of  ions  produced  in  the  gas  by  the  corona  discharge 
of  the  wire  electrode.  This  will  impart  to  the 
particle  a  charge  impelling  it  towards  the  earthed 
electrode.  Thirdly,  it  will  be  carried  away  from  the 
discharge  electrode  by  the  electric  wind,  which  is 
a  secondary  effect  of  the  high  potential  impressed 
upon  the  discharge  member.  The  finer  this 
member,  and  the  more  projecting  points  it  has,  the 
greater  will  be  the  influence  of  this  wind.  The  fact 
that  with  positively  and  negatively  charged  par- 
ticles in  the  gas,  all  except  a  small  percentage  are 
deposited  on  one  electrode  only,  the  earthed  one,  is 
explained  by  the  following  considerations.  The 
positively  charged  particle  striving  towards  the 
negative  electrode  meets  a  concentrated  stream  of 
negative  ions  and  negatively  charged  particles 
striving  in  the  opposite  direction,  the  probable  effect 
of  which  will  be  that  its  charge  is  reversed  by  con- 
tact with  them,  and  the  particle  joins  the  current  of 
negative  ions  and  particles  tending  towards  the 
earthed  electrode.  In  this  movement  away  from  the 
discharge  electrode  the  particle  is  further  aided  by 
the  electric  wind  referred  to  above.  Some  positive 
particles  will  nevertheless  succeed  in  avoiding  the 
stream  of  particles  and  ions  opposing  them,  and 
thus  reach  the  negative  electrode. 

It  will  thus  be  seen  that  the  passage  of  electric 
current  through  the  gas  separating  the  electrodes  is 
influenced  by  the  degree  of  ionisation  of  the  gases. 
It  has  been  found  that  gases  derived  from  certain 
metallurgical  operations  are  so  highly  ionised  as  to 
offer  considerable  difficulties  to  successful  electrical 
precipitation.  The  air  gap,  so  to  speak,  is  short- 
circuited,  and  the  potential  difference  that  can  be 
maintained  without  disruptive  discharge  does  not 
suffice  for  establishing  the  required  electrical  field. 
Means  have  been  suggested  for  de-ionising  the  gas 
by  attaching  the  ions  to  slow-moving  carriers,  or  by 
bringing  about  a  recombination  of  the  negative  and 
positive  ions  in  various  ways.  On  the  other  hand, 
electrical  precipitation  cannot  be  carried  on  suc- 
cessfully without  the  help  of  the  stream  of  ions  sent 
out  by  the  discharge  electrode,  and  the  shape  and 
dimensions  of  the  latter  have  a  very  material  effect 
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on  tho  ionisation,  and  must  be  carefully  adapted  to 
suit  the  conditions  encountered.  What  may  answer 
for  one  gas  and  for  one  temperature  may  be  useless 
for  others.  Another  condition  for  successful  pre- 
cipitation is  that  the  earthed  electrode  and  its  de- 
posit shall  be  maintained  at  zero  potential.  If  this 
is  not  done  peculiar  electrical  disturbances  take 
place.  Such  conditions  have  been  artificially  re- 
produced in  the  laboratory,  and  the  resulting 
phenomena  photographed. 

The  effect  of  dust  deposits  on  the  electrodes  was 
not  clearly  recognised  in  the  early  days  of  electrical 
precipitation,  and  some  of  the  results  were  very 
puzzling.  At  night  a  faint  glow  could  be  sometimes 
observed  on  the  earthed  electrode,  and  the  dust  par- 
ticles, after  being  repelled  from  the  charged 
member,  would  travel  along  the  earthed  electrode 
at  a  certain  distance  from  it,  instead  of  depositing 
thereon. 

Corresponding  conditions  were  reproduced  in  the 
laboratory,  .and  a  study  made  of  the  effect  of  a 
number  of  dielectrics  on  the  voltage  that  was  neces- 
sary to  produce  a  disruptive  discharge  between  the 
charged  and  the  earthed  electrode  when  the  latter 
was  covered  with  a  layer  of  such  substances. 

Figure  1  shows  the  appearance  of  a  normal  flash- 
over  from  a  thin  wire  or  a  point  to  a  plate.  Fig.  2 
shows  the  effect  of  sliding  a  sheet  of  mica  over  an 
earthed  metallic  plate  opposed  by  a  charged  point. 
As  the  mica  comes  within  the  electric  field  between 
the  two,  the  hitherto  silent  discharge  is  replaced  by 
a  number  of  disruptive  discharges  from  the  charged 
point  to  the  edge  of  the  mica.  A  number  of  other 
dielectrics  were  tried,  such  as  sulphur,  glass  wool, 
and  filter  paper,  and  in  each  case  it  was  found  im- 
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possible  to  maintain  the  same  voltage  as  with  the 
metallic  plate  alone.  After  exposure  such  dielectrics 
are    found    to    have    accumulated    an    appreciable 


charge.  This  is  especially  noticeable  with  the  mica 
plates,  which  gave  sparks  2  cm,  long  from  one  point 
to  another.  Fig.  3  shows  tho  kind  of  discharge  ob- 
tained from  a  point  or  wire  to  an  earthed  plate 
covered  with  one  of  the  dielectrics  mentioned 
above.  Fig.  4  shows  another  curious  effect,  the 
effect  of  placing  a  piece  of  perforated  paper  over  the 
earthed  electrode.  It  is  again  impossible  to  main- 
tain the  same  voltage  without  arcing,  and  the 
photograph  shows  a  luminous  cone  round  the  edges 
of  the  perforation  pointing  to  back  ionisation.  The 
glow  is  a  much  better  conductor  of  electricity  than 
other  portions  of  the  gas,  and  this  decreases  the 
distance  of  the  air  gap,  and  therefore  the  operating 
voltage  which  can  be  maintained  consistent  with 
smooth  working  conditions. 

I  have  touched  only  on  the  fringe  of  the  phe- 
nomena which  have  to  be  studied  in  applying  high- 
tension  current  to  the  removal  of  particles  from 
gases.  Much  is  still  open  to  discussion,  but  great 
strides  have  been  made  since  Sir  Oliver  Lodge's  and 
Dr.  Cottrell's  first  tentative  attempts,  and  opera- 
tions of  electrical  precipitation  are  becoming  less 
empirical  as  the  results  of  independent  investigators 
are  sifted  and  correlated,  and  the  conditions  gov- 
erning the  precipitation  of  liquid  or  solid  particles 
held  in  suspension  in  gaseous  fluids  are  more  defin- 
itely established. 

The  large  installation  erected  for  the  Ministry  of 
Munitions  at  Queen's  Ferry  in  connexion  with  the 
Gaillard  sulphuric  acid  concentrating  towers  is  illus- 
trated in  Fig.  5 ;  the  towers  were  causing  consider- 
able annoyance  and  damage  owing  to  quantities  of 
sulphuric  acid  emitted  by  tho  stacks.  Fig.  6  is  a 
plan  and  sectional  elevation  of  one  compartment 
showing  the  electrodes  and  the  manner  of  carrying 
the  high-tension  bus-bar  supports.  The  plant 
proved  to  be  a  profitable  investment. 

A  similar  installation  to  this,  embodying  a  num- 
ber of  improvements,  was  completed  and  ready  for 
starting  up  at  another  Government  factory  when 
the  armistice  was  signed. 

The  exit  gases  from  the  Admiralty's  installation 
of  Kessler  concentrators  at  Holton  Heath  consti- 
tuted not  so  much  a  nuisance  as  a  danger  to  the 
stores  of  finished  explosives  in  the  sheds,  and  it  was 
decided,  therefore,  in  1918,  to  instal  a  number  of 
Cottrell  units  to  eliminate  the  possibility  of  any 
such  contamination. 

Alternate  scrubbers  were  converted  into  electrical 
precipitators,  leaving  always  one  scrubber  for  two 
Kesslers.  The  gases  from  two  furnaces  were  drawn 
through  one  scrubber  and  blown  into  a  twin  set  of 
precipitating  boxes.  The  results  achieved  were 
very  satisfactory,  the  capacity  provided  proved 
ample,  and  the  escape  of  white  acid  fumes  from  the 
individual  stacks  was  no  longer  seen.  In  fact  the 
air  issuing  from  the  stacks  could  be  breathed  for  a 
short  while  without  great  discomfort.  The  losses 
never  having  approached  the  magnitude  of  those  at 
Queen's  Ferry,  the  monetary  return  on  the  plant 
was  correspondingly  reduced.  This  plant  is  fully 
described  in  "  Engineering,"  of  January  28,  1921. 

The  installations  so  far  mentioned  are  of  the  plate 
and  rod  type.  Fig.  7  shows  diagrammatically 
a  small  pipe  and  wire  design  erected  at  a  metallur- 
gical works  for  the  recovery  of  very  finely  divided, 
precious  metal  dust.  Tho  refining  process  adopted 
at  this  plant  depended  for  its  success  on  a  fume  re- 
covery plant,  the  conditions  attached  to  which  could 
only  be  met  by  electrical  precipitation.  Not  only 
was  the  fume  evolved  highly  corrosive  when  wet, 
but  the  constituents  of  the  fume  when  moist  decom- 
posed in  contact  with  metal  work  and  rapidly  cor- 
roded it.  This  was  entirely  overcome  by  treating 
the  gases  hot  in  the  electrical  field.  Steelwork  was 
used  throughout,  and  no  detriment  has  been  noticed 
so  far.  The  recovery  has  proved  practically  com- 
plete. 
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In  this  plant  a  motor-generator  :s  used  to  con- 
vert the  direct  current  works  supply  into  single- 
phase  alternating  current,  and  to  operate  the 
synchronous  switch,  whereas  at  Queen's  Ferry  and 
Holton  Heath  the  works  alternating  current  supply 
is  fed  directly  to  synchronous  motors  driving  the 
switch.  The  system  to  be  adopted  depends  upon 
local  conditions  to  some  extent,  as  well  as  on  con- 
siderations of  cost.  If  a  steady  and  ample  supply 
of  alternating  current  is  available,  synchronous 
motors  can  be  used  with  advantage;  if  the  supply 


At  the  same  works  a  precipitator  has  also  been 
installed  for  recovering  sulphuric  acid  fumes  escap- 
ing from  parting  kettles.  It  is  essentially  a  copy  of 
the  Holton  Heath  design  with  a  number  of  modifica- 
tions that  have  been  found  of  advantage,  especially 
in  the  mode  of  suspending  the  discharge  electrodes 
and  introducing  the  high-tension  current  into  the 
box. 

A  very  different  field  of  application,  and  one  that 
is  likely  to  become  an  increasingly  important  one, 
is  the  use  of  the  electrostatic  method  for  removing 
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Fig.  6. 


is  fluctuating  or  only  direct  current  is  avail- 
able, motor  generators  are  called  for.  Special  pre- 
cautions must  be  taken  to  protect  these  machines 
from  the  oscillations  that  may  be  set  up  in  the 
circuit,  and  which  may  reach  considerable  magni- 
tudes. The  arrangement  of  the  bottom  dust-collect- 
ing chamber  and  slides  in  this  plant  permits  obser- 
vation of  the  discharge  electrodes  at  work.  The 
corona  effect  along  the  length  of  the  whole  wire 
shows  up  very  clearly,  and  it  is  soon  possible  to  tell 
by  its  appearance  whether  the  proper  electrical  con- 
ditions are  being  maintained  in  the  pipes. 


solid  particles  from  blast-furnace  gases.  The  aver- 
age dust  content  is  about  5  grams  per  cub.  metre, 
rising  in  some  cases  to  15  g.  per  cub.  m.  and  even 
more.  The  first  large-scale  installation  operated  in 
this  country  was  designed  by  the  Lodge  Fume  Co., 
Ltd.,  of  Birmingham,  for  the  Skinningrove  Iron 
Co.,  Ltd.  It  is  of  the  plate  type,  and  consists  of 
16  compartments  built  in  ferro-concrete,  each  with 
its  own  inlet  and  outlet  valve.  Ferro-concrete  was 
adopted  owing  to  the  scarcity  of  steel  plates. 
The  depositing  electrode  plates  18  in.  wide  by  10  in. 
long,   are  opposed  by   peculiarly  shaped   discharge 
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members,  there  being  14,000  discharge  points  to 
each  compartment.  The  dust  adhering  to  tho  elec- 
trodes is  removed  by  suitable  rapping  devices 
jarring  both  the  plates  and  the  discharge  members. 
Blast-furnace  dust  appears  to  bo  particularly  in- 
clined to  cling,  especially  if  the  temperature  of  the 


Fig.  7. 

gas  is  allowed  to  fall  below  a  point  where  moisture 
can  condense  on  the  deposit.  The  generating 
system  for  supplying  high-tension  current  to  this 
installation  is  of  a  special  kind,  developed  by  the 
Lodge  Fume  Co.,  and  differs  materially  from  the 
system  followed  in  so-called  Cottrell  plants.  A  static 
transformer  of  the  induction  coil  type  is  used  in 
connexion  with  mechanical  and  valve  rectifiers.  It 
would  seem  that,  while  suitable  for  smaller  installa- 
tions, it  has  certain  characteristics  which  make  it 
less  desirable  for  large  units.  The  Skinningrove 
installation  was  decided  upon  in  war  time,  with  a 
view  chiefly  to  secure  potash,  nothing  beyond  a 
rough  cleaning  of  the  gases  being  aimed  at.  About 
90%  of  the  dust  is  actually  removed,  and  the  rough 
cleaned  gas  is  burnt  under  boilers  and  in  stoves, 
a  portion  of  it  going  through  a  wet  washer  to 
render  it  sufficiently  clean  for  use  in  gas  engines.* 
The  North  Lonsdale  Iron  Co.  have  a  plant  of  the 
same  design  working  on  two  blast  furnaces  on  the 
West  Coast.     The  dust  is  slightly  more  gritty  and 

•  The  installation  is  described  in  a  paper  read  at  the  1920 
meeting  of  the  Iron  and  Steel  Institute  in  Cardiff,  and  a 
supplementary  paper  by  the  members  of  the  Skinningrove 
staff  was  submitted  at  a  meeting  of  the  Cleveland  Institute 
of  Engineers,  held  at  Middlesbrough  on  Feb.  7,  1921. 


contains  less  potash  than  that  of  Skinningrove. 
The  efficiency  is  higher,  and  the  difference  in  the 
workingof  the  boilers  since  they  have  been  fired  with 
clean  gas  is  very  pronounced.  A  considerable  saving 
of  coal  resulted,  as  the  clean  gas  made  it  possible  to 
keep  up  steam  without  tho  use  of  additional  coal. 
At  the  Workington  branch  of  tho  United  Steel  Co. 
an  electrical  precipitator  of  the  pipe  and  wire  type 
is  installed.  It  consists  of  six  units  of  64  pipes,  each 
0  in.  in  diameter,  and  is  intended  to  take  the  gases 
from  three  blast  furnaces  producing  haematite  iron. 
A  number  of  novel  features  arc  embodied  in  this 
plant,  one  of  which  is  a  mechanical  gear,  operated 
by  a  motor  and  countershaft,  for  hammering  the 
pipes  and  simultaneously  agitating  the  discharge 
wires  so  as  to  remove  therefrom  the  deposited  dust. 
Each  compartment  is  self-contained,  with  inlet  and 
outlet  valves,  rapping  gear,  high-tension  leading-in 
insulator,  etc.,  and  is  fed  by  a  separate  25  kv.-a. 
generating  unit  consisting  of  motor  generator, 
control  panel,  transformer,  and  potential  rectifier. 
The  whole  is  roofed  over  and  means  are  provided 
for  enclosing  the  sides  should  it  be  found  desirable. 
The  plant  is  completed  and,  but  for  the  blast- 
furnaces being  closed  down,  would  now  he  in  opera- 
tion. The  corona  glow  on  the  many  wires  as  6een 
after  dark  is  a  wonderful  sight.  Incidentally,  the 
odour  of  ozone  escaping  at  the  top  of  the  pipes  is 
overpowering. 

The  application  of  electrostatic  precipitation 
to  the  cleaning  of  roaster  gases  from  mechanical 
pyrites  furnaces  is  a  field  that  has  been  somewhat 
neglected  both  in  America  and  in  this  country. 
In  the  United  States  isolated  installations  were 
put  in  as  far  back  as  1916,  but  it  was  not  until 
the  co-operation  of  one  of  the  largest  acid  producers 
was  secured  that  results  were  obtained  justifying  the 
faith  of  the  adherents  of  electrical  precipitation. 
For  some  time  past  a  precipitator  has  been  in 
operation  cleaning  the  gases  from  mechanical 
furnaces  burning  roughly  70  tons  of  pyrites  per 
24  hrs.,  with  an  average  efficiency  of  over  98%. 
About  6  tons  of  dust  is  recovered  per  week,  a  large 
part  of  which  would  ordinarily  have  gone  forward 
to  block  the  washing  towers,  coolers,  filters,  etc. 
The  temperature  of  the  gases  is  over  500°  C. ;  the 
power  consumption  of  the  cleaning  plant  is  only 
3  kw.  The  results  of  this  installation  were  so  con- 
vincing that  the  battery  of  Howard  dust  catchers 
— which  are  of  the  horizontal  plate  type — was  re- 
placed by  electrical  precipitators. 

A  similar  installation  to  the  above  would  now  be 
working  in  this  country  if  the  trade  depression  had 
not  made  it  imperative  to  suspend  all  plant  con- 
struction work  at  the  establishment  in  question. 
The  materials  are,  however,  all  on  the  site,  and  it 
is  hoped  to  start  the  erection  shortly. 

While  the  efforts  of  those  engaged  in  electrical 
precipitation  here  and  in  the  United  States  were 
directed  during  the  war  mainly  to  the  recovery  of 
valuable  metal-bearing  dust  from  smelting  works, 
the  Germans  concentrated  on  the  pyrites  gas 
problem  as  soon  as  war  broke  out,  and  it  must  be 
confessed  their  labours  were  eminently  successful. 
The  dust-laden  pyrites  gases  were  found  to  be 
particularly  well  conditioned  for  treatment  in  the 
electrical  field,  and  present  none  of  the  difficulties 
that  had  to  be  dealt  with  in  the  case  of  blast-furnace 
gases.  No  trouble  was  encountered  in  removing  the 
deposited  dust  from  the  electrodes,  and  after  one  or 
two  setbacks  the  insulation  question  was  solved  in 
a  very  satisfactory  way.  The  design  is  of  the  plate 
and  wire  type,  free  from  unnecessary  complications, 
and  as  inexpensive  as  can  reasonably  he  expected. 
The  general  arrangement  of  such  an  installation, 
with  the  generating  set,  control  gear,  and  precipi- 
tator, is  shown  in  Fig.  8.  To  guard  against  dust 
passing  through  and  giving  rise  to  stoppages  in 
case  of  current  failure,  a  system  of  automatic 
control    and    alarm    gear    was    used,    whereby    if 
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disturbance  occurred  in  any  one  precipitating  com- 
partment  an  automatic  cut-out  would  interrupt  the 
current  supply, close  a  valve  on  the  gas  inlet,  switch 
on  a  red  pilot  light,  and  sound  an  admonishing 
hooter.  These  precautions  were  found  in  practice 
to  be  exaggerated,  as  the  operation  proceeded 
uniformly  and  smoothly  with  practically  no  inter- 
ruption except  that  required  for  removing  the 
accumulated  dust.     This  entails  switching  off  the 


In  addition  to  the  advantage  of  being  able  to 
produce  acid  of  "  brimstone  quality  "  from  pyrites, 
there  is  no  cleaning  out  of  flues,  no  blocking  of 
Glover  and  Gay-Lussac  towers,  no  silting  up  of 
coolers,  tanks,  and  pumping  machinery,  and  no 
handling  of  accumulated  sludge  with  its  attendant 
expense  of  labour  and  loss  of  acid — in  fact  the 
operation  of  the  whole  plant  is  rendered  more  con- 
tinuous and  therefore  efficient.     In  one  instance  a 


Fig.  8. 


high-tension  current  and  changing  over  to  another 
compartment.  Accordingly  these  controls  were  subse- 
quently simplified,  and  instead  of  always  having  one 
compartment  idle  ready  for  use,  twin  compartments 
are  used,  of  such  a  capacity  that  one  can  handle  all 
the  gas  at  a  reduced  efficiency  during  the  short  time 
that  the  other  is  off  for  cleaning.  More  than  20 
plants  were  installed  during  the  war  for  cleaning 
the  roaster  gases  for  oleum  works,  among  them 
being  those  of  Nobel,  Griesheim,  Leverkusen, 
Walter  Feld,  Uetikon,  and  Von  Heyden. 
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Fig.  9. 

Since  the  war  results  are  to  hand  of  electrical  pre- 
cipitators working  on  mechanical  roasters  of  lead 
chamber  plants,  and  they  show  that  there  also 
appreciable    economies    can    be    effected    thereby. 


saving  of  labour  of  228  hours  a  month,  and  in  78% 
acid  of  7  tons  a  month  was  recorded.  A  high  dust 
content  of  the  roaster  gases  is  generally  considered 
to  mean  a  high  nitre  consumption,  and  this  has 
been  fully  substantiated  by  the  electrical  precipi- 
tators. In  the  case  of  one  chamber  plant  the 
adoption  of  electrical  precipitation  produced  a 
reduction  in  the  nitre  consumption  of  no  less  than 
30%,  and  at  a  new  type  of  tower  plant  it  was  only 
after  this  had  been  installed  that  both  the  output 
and  the  nitre  consumption  were  as  stipulated. 

Electrical  precipitators  are  now  sold  in  Germany 
as  a  standard  part  of  a  mechanical  furnace  installa- 
tion. There  are  a  number  of  other  installations  in 
Germany,  mostly  of  the  pipe  and  wire  type,  working 
on  lead  smelter  fumes,  tin  furnace  fumes,  alumina 
calcining  furnace  gases,  and  waste  gases  from 
evaporators  of  sulphate  liquors  from  cellulose  works. 
An  interesting  departure  is  a  recently  started  plant 
for  treating  the  gases  from  coal  briquetting 
furnaces,  and  at  the  large  Leuna  works  belonging 
to  the  dyestuff  group  a  plant  is,  I  believe,  now 
removing  the  obnoxious  dust  from  the  stack  gases 
of  the  boiler  installation. 

In  Japan  the  electrostatic  recovery  process, 
though  first  introduced  only  in  1916,  has  made 
rapid  progress,  there  being  more  than  eight  instal- 
lations at  work  with  an  aggregate  of  over  2000 
pipes.  The  Ashio  copper  smelter  of  the  Furukawa 
Mining  Co.  has  640  precipitating  pipes,  in  which 
from  6  to  10  tons  of  dust  is  recovered  per  24  hrs., 
containing  over  1%  of  copper  and  30%  of  arsenic, 
which  otherwise  would  escape  into  the  atmosphere. 
The  fumes  are  derived  from  McDougall  roasters, 
blast-furnaces,  and  copper  converters. 

The  erection  of  the  Naoshima  smelter,  belonging 
to  the  Mitsubishi  Mining  Co.,  was  licensed  by  the 
Government  only  on  condition  that  the  fumes  from 
the  roasters  and  converters  were  treated  electro- 
statically before  passing  out  to  atmosphere;  \\  tons 
of  dust  is  collected  per  24  hrs.,  containing  over  2% 
of  copper,  22%  of  lead,  13%  of  arsenic,  and  traces 
of  silver  and  gold.  Fig.  9  shows  a  section  through 
the  precipitator  at  the  copper  smelter  Ikuno, 
belonging  to  the  same  company. 

The  conditions  in  the  smelting  industry  in 
America  are,  generally  speaking,  widely  different 
from  ours,  both  as  regards  capacity  of  plant  and 
smelting  practice.  For  instance,  at  the  rectifier 
house  for  the  Murray  Smelter  at  Garfield  there  are 
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nine  25-kv.-a.  motor  generator  sots  installed,  each 
driving  its  mechanical  potential  rectifier  and 
supplying  current  to  the  primary  of  a  high-tension 
transformer.  The  United  Verde  copper  smelter  has 
3600  precipitation  pipes  to  clean  the  gases  from  its 
roasters,  blast-furnaces,  and  converters,  current 
being  supplied  from  12 — 25  kv.-a.  motor  generators. 

At  another  plant  comprising  seven  rotary  cement 
kilns  there  are  five  sections  of  120  pipes  each,  in 
which  daily  25  tons  of  dust  can  be  recovered. 

The  Research  Corporation  of  New  York  have 
invaded  quite  new  fields  by  somo  of  their  later 
installations  which  were  erected,  not  for  the  purpose 
of  reducing  dust  losses  on  smelting  operations,  but 
solely  for  cleaning  air.  For  several  years  during 
the  war  the  air  from  workrooms  at  an  American 
small-arms  factory,  where  carding,  buffing,  and 
grinding  wheels  were  operating,  was  cleaned  by 
electrical  precipitation.  A  volume  of  50,000  cub.  ft. 
of  air  at  70°  F.  was  treated,  and  several  cartloads 
of  dust  per  week  were  removed  from  it.  Incident- 
ally, researches  made  during  the  war  have  shown 
that  after  passing  air  through  an  electrical  precipi- 
tator, it  is  not  only  free  from  dust  particles,  but 
sterilised  as  well.  This  is  due  to  the  removal  of  the 
solid  particles  which  carry  bacteria  and  to  the  toxic 
effect  of  the  ozone  and  oxides  of  nitrogen  produced 
by  the  corona  discharge. 

At  the  Stace  Mining  Co.,  electrical  precipitation 
was  resorted  to  after  cyclones,  bag  filters,  and 
scrubbers  had  been  tried  without  success.  The 
problem  was  to  remove  the  fine  slate  dust  arising 
from  the  crushing  plant  where  slate  rock  was 
passed  through  rollers  for  the  preparation  of  slate 
dust  for  roofing  material.  Over  100,000  cub.  ft. 
of  air  is  cleaned  per  minute,  and  several  tons  of 
material  are  recovered  per  week. 

An  interesting  installation  is  now  under  construc- 
tion for  cleaning  the  air  from  a  works  where  large 
numbers  of  piston  rings  for  gas  engines  are  cut  and 
ground.  The  precipitator  will  replace  a  bag  filter, 
which  was  found  unsuitable  owing  to  the  cloth 
cutting,  the  difficulty  of  keeping  the  bags  clean,  and 
the  excessive  power  consumption  required.  A  flue 
type  of  precipitator  will  be  installed,  having  a  cross- 
section  of  14 X  10ft.,  and  a  capacity  of  25,000  cub.  ft. 
of  air  per  minute.  In  another  case  the  air  from 
tumbling  barrels  in  an  iron  foundry,  carrying  sand 
and  iron  dust  in  suspension,  is  to  be  cleaned  electric- 
ally, a  cyclone  installation  having  proved  incapable 
of  retaining  the  fine  dust.  On  the  plains  outside 
the  mining  town  of  Pachuca  in  Mexico  there  are 
many  thousands  of  tons  of  tailings  which  have  been 
carried  down  by  the  river  from  the  numerous 
milling  and  concentrating  plants  operating  in  that 
town.  Several  attempts  have  been  made  in  years 
gone  by  to  recover  the  metallic  values  from  these 
accumulated  residues,  without  achieving  much 
success  until  chloridising  volatilisation  coupled  with 
recovery  of  the  products  by  electrical  precipitation 
was  suggested.  A  unit  of  3x64  pipes  is  in 
operation  there  in  connexion  with  a  rotary  furnace 
resembling  a  cement  kiln,  with  a  capacity  for  treat- 
ing 100  tons  of  residues  per  24  hrs.  The  pipes  are 
of  wood,  rendered  suitably  conductive,  and  the 
discharge  wires  are  lead-covered.  The  material 
recovered  contains  gold,  silver,  mercury,  and  lead. 

At  Mexico  City  an  installation  is  doing  good 
work  at  a  silver  refinery  on  the  gases  from  refining 
and  cupelling  furnaces  and  desilverising  kettles. 
Mapimi,  Durango  has  a  good-sized  plant  recovering 
over  10  tons  a  day  from  the  waste  gases  of 
Huntington-Heberlein  sintering  pots,  Godfrey 
roasters,  and  blast-furnaces.  The  dust  has  a 
high  arsenic  content,  besides  containing  lead  and 
antimony. 

South  America  too  has  a  number  of  installations. 
At  the  Aramayo  Francke  Mines  of  Bolivia,  a  plant 
has  been  installed  in  connexion  with  converters  and 
roasting  furnaces,   the   recovered   dust  containing 


chiefly  bismuth.  Installations  of  considerable  mag- 
nitude are  also  being  put  up  by  the  Braden  Copper 
Co.  of  Chile,  and  the  Cerro  de  Pasco  smelter;  the 
latter  recovered  during  ono  month  no  less  than 
30  tons  per  day,  according  to  information  given  by 
the  International  Precipitation  Co. 
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Discussion. 

Mr.  J.  A.  Reavell  asked  as  to  the  possible 
application  of  the  process  to  such  instances  as  the 
recovery  of  powder  in  a  dried  milk  factory.  In 
such  cases  a  certain  amount  of  ozone  would  probably 
be  generated  which  would  possibly  contaminate  the 
milk  and  give  it  a  distinct  flavour.  Also,  was 
there  any  chance  of  an  explosion  occurring? 

Mr.  Weil  asked  whether  there  was  any  possi- 
bility of  selectively  precipitating  particles  according 
to  size  and  what  was  the  upper  limit  of  the  amount 
of  dust  in  the  gases  treated.  In  the  American 
process  for  making  zinc  oxide  a  very  large  amount 
of  dust  was  blown  over  with  the  furnace  gases. 
This  dust  usually  contained  particles  much  heavier 
and  larger  than  the  best  qualities  of  oxide,  and 
these  were  usually  precipitated  in  a  preliminary 
chamber  before  the  pigment  oxide  was  removed. 

Mr.  Drummond  Patox  said  that  in  the  case  of 
the  German  plants  the  entire  structure  was 
insulated  from  the  earth.  In  all  static  conditions 
the  supply  of  current  must  be  from  the  earth.  He 
thought  if  the  deposit  that  arose  on  different  poles 
was  analysed  a  selective  action  would  be  observed. 
Air  was  practically  stable,  and  he  believed  the 
stability  of  any  material  was  simply  a  function  of 
the  coulomb-static  capacity  of  its  individual 
elements.  The  same  applied  to  metals  either  in 
the  vapour,  liquid,  or  solid  state,  and  the  segrega- 
tion of  unstable  alloys  under  rise  and  fall  of 
temperature  was  simply  the  reciprocal  of  the  in- 
ternal Chatelier  effect  which  must  take  place  in  a 
composite  metal  or  material.  Eutectic  and  stable 
alloys,  if  considered  in  relation  to  the  positive- 
negative  capacity  of  their  elements,  taking  calcium 
as  one  end  of  the  6eries  and  fluorine  as  the  other 
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(see  G.  Pore,  "  Electrolytic  Separation  of  Metals," 
1890),  could  be  better  understood  than  by  supposed 
chemical  affinities,  and  he  had  suggested  this  means 
to  the  Admiralty  as  a  basis  of  denning  stable 
alloys,  i.e.,  the  blending  of  materials  in  relation 
to  the  static  capacity,  and  by  blending  in  functions 
of  that  capacity  a  stable  result  would  result. 
Therefore,  air,  if  an  analysis  were  made  on  a  ba^is 
of  static  capacity,  would  be  practically  a  static 
material  or  balanced  charge. 

Mr.  Drayton  asked  if  the  specific  inductive 
capacity  or  conductivity  of  the  chief  constituents 
of  a  dust  had  any  effect  on  the  ease  with  which  it 
could  be  precipitated.  If  the  polarity  of  the  elec- 
trode was  correct  the  pipes  to  earth  were  positive 
and  the  wires  were  negative.  When  the  polarity 
was  negative  the  wire  looked  like  a  luminous  string 
of  beads.  When  the  polarity  was  wrong  the  wire 
was  surrounded  by  a  thick  violet  glow. 

Dr.  Craig  mentioned  the  successful  application 
of  the  process  to  the  fumes  from  the  Selby  Smelt- 
ing Works. 

Mr.  Houjate  said  that  he  had  to  deal  with  gases 
from  a  blast  furnace  which  contained  10 — 15  g.  of 
dust  per  cubic  metre,  and  which  also  were  emitted 
at  400°— 600°  C.  The  cleaning  of  these  gases 
presented  a  very  difficult  problem.  The  dry  clean- 
ing, or  bag  filtration,  process  did  not  seem  to  be 
applicable  to  his  particular  case.  Two  installations 
of  the  Cottrell  process  had  been  erected  in  America 
for  dealing  with  gases  such  as  he  had  to  deal  with, 
and  these  appeared  to  be  very  successful.  At  the 
plants  he  had  visited  in  America,  where  the  Cottrell 
process  had  been  adopted,  there  had  been  a 
good  deal  of  difficulty  at  first  through  the 
insulators  having  given  way  and  the  tubes  having 
warped  owing  to  the  high  temperature  of  the 
gases,  but  these  difficulties  had  been  overcome.  In 
America  tubes  of  about  6  in.  diameter  were  recom- 
mended instead  of  9  in.  By  that  means  it  was 
claimed  to  clean  the  gases  with  a  voltage  of  only 
about  50,000  instead  of  70,000.  The  cost  of  aii 
installation  of  one  unit  to  deal  with  one  million 
cubic  feet  per  hour  in  1920  had  been  estimated  to 
be,  roughly,  $100,000.  The  electrical  precipitation 
process  appeared  to  be  preferred  to  the  steel  wool 
filtration  processes.  He  believed  that  in  the  Cot- 
trell process  as  worked  in  America  the  gases  were 
passed  upwards  through  the  tubes  and  not  down- 
wards. 

Dr.  Bush,  in  reply,  said  that  one  of  the  greatest 
difficulties  they  had  had  to  contend  with  was  that 
it  had  been  found  up  to  date  practically  impossible 
to  standardise  plant.  Every  new  plant  had  to  be 
specially  adapated  to  existing  circumstances.  In 
some  cases  99%  efficiency  was  required,  whilst  in 
others  60 — 70%  was  sufficient.  All  such  factors 
obviously  affected  the  cost  of  a  plant.  It  was  en- 
tirely a  question  of  the  air  volume  treated  per  foot 
run  of  electrode.  There  was  an  installation  at  work 
in  the  United  States  for  drying  lemon  juice  and 
orange  juice  and  also  skimmed  milk.  He  believed 
that  no  deleterious  effect  had  been  noticed  with 
regard  to  the  taste.  The  danger  of  explosion  had 
been  tested  at  San  Francisco  in  the  case  of  sugar 
dust  produced  from  a  dryer,  and  the  difficulty  had 
been  got  over  in  a  simple  manner  which  prevented 
explosion.  The  proportion  of  dust  which  it  was 
possible  to  remove  from  the  gases  depended  on  the 


efficiency  of  the  plant.  The  concentration  of  zinc 
oxide  given  off  By  evaporation  processes  was  apt 
to  be  rather  high.  Although  there  was  no  difficulty 
from  the  precipitation  point  of  view,  especially  with 
the  plate  type  of  precipitator,  which  had  a'  large 
depositing  surface,  if  a  pipe  type  was  used  the 
deposit  grew  so  rapidly  that  the  pipes  had  to  be 
cleaned  out  at  very  frequent  intervals.  The  posi- 
tive electrodes  and  the  entire  steel  structure  were 
earthed,  and  therefore  at  zero  potential.  He  pre- 
sumed the  gases  referred  to  by  Mr.  Holgate  were 
ferro-manganese  gases.  There  was  no  reason  why 
such  gases  should  not  be  treated  successfully, 
although  it  could  not  be  done  at  a  temperature  at 
which  the  steelwork  would  suffer,  but  there  was 
no  objection  to  cooling  the  gases  and  precipitating 
in  the  usual  way.  He  did  not  think  the  Kling- 
Weidlein  steel  mattress  filter  would  be  a  very 
serious  competitor  to  electrical  precipitation.  It 
started  up  very  well,  but  the  superimposed  layers 
of  steel  wool  very  soon  got  choked  up,  and  then 
the  filtering  action  stopped  and  they  had  to  be 
cleaned.  Special  shaking  apparatus  had  had  to  be 
introduced,  but  on  the  whole  it  had  not  proved 
very  successful.  The  actual  precipitation  efficiency 
was  not  affected  by  the  size  of  the  pipe.  It  was, 
of  course,  an  advantage  to  use  a  smaller  pipe 
because  of  not  having  to  deal  with  such  a  high 
potential.  In  a  12-inch  pipe  the  actual  effective 
voltage,  measured  by  the  spark-gap  meter,  was  in 
the  neighbourhood  of  50,000.  In  this  country  they 
would  probably  standardise  on  9-inch  tubes.  The 
smaller  the  tube  the  smaller  was  the  depositing 
surface  and  the  less  the  deposit  would  be  allowed 
to  grow.  If  the  deposit  grew  beyond  a  certain 
point  there  was  an  arc  from  the  wire.  The  ques- 
tion of  up-draught  as  against  down-draught  was 
one  on  which  there  were  differing  opinions.  One 
advantage  in  up-draught  was  that  if  a  lot  of 
material  were  deposited  in  the  bottom  of  the 
hopper  there  was  no  danger  of  it  being  carried 
away  by  the  clean  gas  as  might  conceivably  occur 
with  down-draught.  On  the  other  hand,  a  great 
feature  was  a  good  distribution  of  the  gases  in  the 
pipes.  If  the  gases  travelled  downwards,  and  one 
pipe  tended  to  take  more  gas  than  its  due  share, 
it  would  get  hotter  than  the  rest  and  thus  act  as 
a  brake.  Installations  both  of  the  down-draught 
and  the  up-draught  type  were  being  put  down 
according  to  circumstances.  When  his  (the 
speaker's)  firm  had  introduced  the  business  into 
this  country  one  of  their  first  aims  was  to  make 
themselves  independent  of  foreign  machinery. 
Admittedly  the  Queen's  Ferry  plant  had  American 
machinery,  but  that  was  simply  a  question  of  saving 
time.  All  the  plants  that  were  now  being  put  up 
in  this  country  were  supplied  with  machinery  and 
material  made  entirely  in  this  country.  Excellent 
porcelain  insulators  were  also  made  in  this  country. 
There  were  quite  a  number  of  installations  in  this 
country.  Besides  the  Workington  and  the  Skinnin- 
grove  plant  there  were  the  North  Lonsdale  and 
the  Sheepbridge  plant,  and  another  one  at  the 
metallurgical  works  he  had  already  mentioned, 
while  there  was  a  plant  now  being  erected  at  a 
tin  smelters  of  10  units  of  48  pipes  each  which 
would  handle  something  like  80,000  cub.  ft.  a 
minute.  The  last-named  plant  would  be  made  of 
British  material  throughout. 


THE    CLAUDE     SYNTHETIC     AMMONIA 
PROCESS    AND    PLANT. 

By  J.  H.  WEST,  A.C.G.I.,  A.M.Inst.C.E. 

(.1  paper  read  at  a  Joint  Meeting  of  the  Chemical  Engineering  Group  of  the  Society  of  Chemical 
Industry  with  the  Institution  of  Mechanical  Engineers  in  the  rooms  of  the  Institution  of  Electrical 
Engineers.  Loudon,  on  November  22nd,  1921.  Mr.  J.  Arthur  Reavett,  M.I.M.E.,  M.I.Chem.E., 
Chairman  of  the  Chemical  Engineering  Group,  in  the  Chair.) 


The   Chalrman   said   that    the   paper   they   were 

going  to  have  from  Mr.  West  was  on  a  subject  of 
great  importance,  and  the  happenings  of  the  greal 
war  had  made  it  of  still  greater  importance.  Mr. 
West  had  an  unique  knowledge  of  this  process,  and 
without  wasting  further  time  he  would  call  on  him 
to  read  the  paper. 


The  Claude  synthetic-ammonia  process  has  this 
in  common  with  the  older  Haber  process,  that  it 
consists  in  effecting  the  direct  combination  of 
hydrogen  with  nitrogen  under  pressure  and  in 
presence  of  a  catalyst  to  form  ammonia;  the  pre- 
dominant difference  between  the  two  processes  lies 
in  the  much  higher  pressure  used  by  Claude.  This 
difference  may  seem  at  first  sight  rather  an  unim- 
portant one,  but  it  will  presently  be  seen  that,  on 
the  contrary,  it  is  a  most  far-reaching  and  funda- 
mental one,  which  entirely  modifies  the  working 
conditions  of  the  reaction. 

In  order  to  understand  the  primary  considera- 
tions which  led  Claude  to  adopt  pressures  which 
had  hitherto  been  undreamt  of  in  industrial  work- 
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periuit'iital  data,  and  shows  very  clearly  that,  for 
a  given  temperature,  the  proportion  of  nitrogen 
and  hydrogen  remaining  combined  under  conditions 
of  equilibrium  increases  rapidly  with  rise  of  pres- 
sure, and  that  the  lower  the  temperature  the  higher 
is  the  proportion  of  combination. 

So  far,  the  conditions  for  maximum  combination 
would  appear  to  be  high  pressure  and  low  tempera- 
ture, but  in  practice  another  consideration  comes 
in,  namely,  6peed  of  reaction.  The  lower  the  tem- 
perature the  longer  does  it  take  to  reach  equili- 
brium, and  in  order  to  have  apparatus  of  a  reason- 
able size  the  reaction  must  not  be  too  slow.  Hence 
for  practical  purposes  a  compromise  has  to  be  made 
as  regards  the  working  temperature  so   as  to  get 


PRESSURE   IN   Kg/^m2 
Fig.  1. 


Fig.  2. 


ing,  it  is  necessary  to  examine  the  conditions  of 
equilibrium  between  nitrogen,  hydrogen,  and 
ammonia  under  various  pressures  and  temperatures. 
Fig.  1  was  prepared  by  Claude  from  his  own  ex- 


a  reasonable  speed  of  reaction  combined  with  a 
sufficiently  high  proportion  of  combination  of  the 
gases.  The  useful  range  of  working  temperatures 
is  found  to  lie  between  500°  and  700°  C. 

c2 
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Claude  finds  it  best  to  work  at  about  60(1°  C,  and 
he  uses  a  pressure  of  900  atmospheres,  or  nearly 
(i  tuns  per  sq.  in.,  as  against  the  200  atmospheres 
used   by   Haber. 

The  hydrogen  and  nitrogen,  mixed  in  the  proper 
proportions,  are  first  compressed  to  KM)  atmospheres 
in  an  ordinary  three-  or  four-stage  compressor, 
passed  through  separating  bottles  where  any  con- 
densed  moisture  and  oil  from  the  compressor  are 
drained  off,  and  thence  are  led  to  the  "  super-com- 
pressor." 

This  is  an  exceedingly  simple  two-stage  machine, 
capable  of  dealing  with  enough  gas  to  make  5  tons 
of  liquid  ammonia  per  24  hours,  i.e.,  a  duty  of 
426  cb.  ft.  per  minute. 

Figure  2  shows  the  compressor  with  M.  Claude 
standing  beside  it.  One  of  these  machines  has  been 
running  in  France  for  some  nine  months  past,  and 
has  given  no  trouble ;  in  fact  there  are  few  com- 
pressors for  100  atmospheres  which  run  so  sweetly 
and  silently,  and  with  such  freedom  from  vibration. 

With  regard  to  the  power  consumed  in  compress- 
ing to  these  super-pressures,  and  bearing  in  mind 
that  the  power  varies  as  the  logarithm  of  the  pres- 


It  has  already  been  seen  that  the  proportion  of 
combination  is  much  higher  at  900  atmospheres 
than  at  200,  viz.,  about  42  instead  of  13  per  cent., 
and  this  has  some  very  important  consequences.  The 
formation  of  ammonia  is  an  exothermic  reaction 
producing  717'6  calories  per  kg.  of  ammonia  formed. 
When  the  proportion  of  combination  is  low,  as  it 
is  at  200  atmospheres,  the  heat  produced  by  the 
reaction  is  not  sufficient  to  maintain  the  catalyst 
vessel  and  the  incoming  gases  at  the  proper  tem- 
perature unless  the  losses  from  radiation  are  re- 
duced to  a  minimum  by  diminishing  the  radiating 
surfaces  as  much  as  possible.  This  fact  compelled 
the  Germans  to  devise  enormous  catalyst  vessels, 
not  simply  for  the  sake  of  having  large  units,  but 
in  order  to  minimise  loss  of  heat  by  radiation,  and 
the  preliminary  heating  up  is  done  by  injecting 
air  and  burning  part  of  the  hydrogen.  The  great 
cost  of  manufacture  of  these  huge  vessels,  the  diffi- 
culty of  handling  them,  and  the  time  lost  in  making 
the  joints,  can  easily  be  realised. 

Now  at  900  atmospheres  the  conditions  are  quite 
different.  The  heat  produced  by  the  reaction  then 
becomes  sufficient  to  make  it  auto-thermic,  so  that 
no  external  heat  need  be  supplied  once  the  reaction 
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sure  difference  between  intake  and  delivery,  it  will 
be  evident  that  the  power  required  to  compress  from 
100  to  1000  atmospheres  will  be  half  that  required 
to  compress  from  1  to  100  atmospheres,  since  the 
logarithm  of  100  is  2  and  that  of  1000  is  3. 

Attention  may  be  called  at  this  point  to  the  very 
considerable  departure  from  the  gas  laws  of  Boyle 
and  Charles  which  are  met  with  under  these  condi- 
tions. The  curves  in  Fig.  3  show  the  volumes  of 
nitrogen  and  hydrogen  respectively  which  can  be 
compressed  into  unit  volume  at  various  pressures, 
the  dotted  lines  showing  the  corresponding  volumes 
for  an  ideal  gas.  The  expansion  with  temperature 
has  not  been  determined  above  200°  C,  but  at  900 
atmospheres  constant  pressure,  a  volume  of 
hydrogen  represented  by  1000  when  measured  at 
0°  C.  becomes  1449  at  200°  C,  whereas  according 
to  Charles'  law  it  should  become  1733. 

The  first  result  or  consequence  of  working  at 
super-pressures  is  that  the  pipework  becomes  very 
small.  The  pipes  carrying  the  mixed  nitrogen  and 
hydrogen  for  a  plant  making  5  tons  of  ammonia  per 
day  are  only  8  mm.  bore,  and  the  difficulty  of 
making  gas-tight  joints  and  valves  is  thereby  enor- 
mously reduced. 


has  started.  The  reaction  starts  and  stops  quite 
suddenly ;  it  does  not  begin  gradually  and  build 
up,  but  starts  as  soon  as  the  temperature  is  high 
enough,  and  goes  on  until  for  any  reason  the  tem- 
perature falls  too  low  or  the  activity  of  the  catalyst 
becomes  too  feeble,  when  it  stops  with  equal 
suddenness. 

Under  Claude's  conditions,  then,  quite  small 
catalyst  vessels  can  be  used,  which  can  be  heated 
initially  by  external  electric  circuits,  and  after  thiat 
the  problem  is  to  get  rid  of  the  excess  heat.  The 
usual  way  of  expressing  the  relative  efficiency  of 
catalytic  reactions  is  in  terms  of  grams  of  product 
produced  per  hour  in  each  litre  of  volume  occupied 
by  the  catalyst  material.  In  the  case  of  the  'Haber 
process  this  figure  is  about  350 — 400  grams,  and 
in  Claude's  process  it  ranges  from  5600  to  6700  grm. 

Figure  4  shows  to  the  same  scale  the  Haber 
catalyst  vessel  and  fhe  Claude  catalyst  tubes  for  a 
production  of  20  tons  of  ammonia  per  day.  The 
respective  weights  in  the  two  cases  are  approxi- 
mately 74j  tons  and  lis  tons. 

Furthermore,  in  the  Haber  process,  owing  to  the 
necessity  for  circulating  the  gas  round  and  round 
over  the  catalyst,  it  is  essential  to  have  very  large 
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and  complicated  heat  interchangera,  in  order  that 

after  each  passage  over  the  catalyst  the  gas  may 
be  cooled  sufficiently  to  remove  the  ammonia  and 
then  l>e  heated  again  to  reaction  temperature.  The 
time  required  after  a  stoppage  to  get  the  whole 
Saber  system  heated  is  three  days,  whereas,  start- 
ing all  cold,  ihi'  Claude  plant  will  begin  to  produce 
ammonia  in  -1 — 5  hours. 

In  the  Claude  plant  there  are  four  catalyst  tubes, 
the  first  two  of  which  are  parallel,  and  the  other 
two  in  series  with  the  first  two  and  with  each  other. 
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Fig.  4. 

A  simple  calculation  shows  that  with  such  a 
system  of  four  tubes,  if  a  is  the  fraction  of  the  gases 
which  combine  to  form  ammonia  in  each  tube,  the 
total  combination  in  the  system  will  be  o(3-3<i+oa), 
and  working  this  out  for  a=0'42,  the  total  com- 
bination is  found  to  be  just  over  80  per  cent.  On 
actual  tests  the  observed  proportion  of  combination 
has  been  found  to  be  from  81  to  83  per  cent. 


Now  as  to  the  actual  construction  of  catalyst 
vessels  to  withstand  the  conditions  of  ammonia 
synthesis,  that  is  to  6ay  a  temperature  of  600°  C, 
a  high  pressure,  and  possible  attack  by  the 
hydrogen.  The  Haber  people  first  of  all  made  an 
inner  vessel  of  very  pure  iron  and  surrounded  it 
with  a  layer  of  nitrogen  under  slightly  higher  pres- 
sure than  that  used  inside,  thus  hoping  to  protect 
the  outer  vessel  from  the  action  of  the  gases.  This 
was  not  a  success,  and  they  now  use  an  outer  vessel 
of  high-tensile  steel,  probably  tungsten  steel,  and 
protect  it  with  a  lining  of  pure  iron.  Since  this 
lining  is  permeable  to  hydrogen,  the  outer  vessel 
is  perforated  all  over  with  small  boles,  so  that  any 
hydrogen  passing  through  the  lining  can  escape 
and  not  set  up  a  pressure  between  the  lining  and 
outer  vessel. 

With  the  small  Claude  tubes  it  is  possible  to  do 
away  with  all  lining,  and  use  a  special  nickel- 
chromium  alloy.  Some  of  Claude's  tubes  have  been 
made  by  a  French  firm  of  steel  makers,  and  6ome 
by  Messrs.  Vickers,  of  Sheffield,  who  had  inde- 
pendently worked  out  alloys  of  this  type.  Messrs. 
Vickers'  metal  is  known  as  "  Vicronic,"  and  it  has 
very  remarkable  heat-resisting  properties. 

The  tubes  are  cast  solid  and  bored  out.  The  head 
or  plug  is  secured  to  the  tube  by  an  interrupted 
thread  exactly  like  the  breech  mechanism  of  a  gun, 
thus  enabling  the  joint  to  be  made  very  rapidly. 
The  joint  is  made  by  a  thin  copper  washer.  The 
screwing  up  is  done  by  means  of  a  wormwheel 
attached  to  the  head,  rotated  by  two  worms  geared 
to  a  crank  handle.  The  inner  tube  of  thin  sheet 
iron,  which  contains  the  catalyst  material,  is 
attached  to  the  head,  and  it  is  quite  easy  to  remove 
an  inner  tube  and  replace  it  by  another  containing 
fresh  catalyst  material  in  7  or  8  minutes.  Compare 
this  with  the  time  which  would  be  required  to  un- 
bolt the  huge  end  plate  of  the  Haber  vessel,  replace 
the  catalyst,  re-make  the  big  joint,  and  screw  up 
again. 

Before  leaving  the  subject  of  the  catalyst  tubes 
the  method  adopted  for  testing  them  may  be  of  in- 
terest. It  is  the  same  as  that  used  for  testing 
ordinary  gas  cylinders.  The  tube  to  be  tested  is 
placed  in  a  jacket  filled  with  water  and  provided 
with  a  graduated  tube.  The  test  pressure  is  10  tons 
per  sq.  inch,  and  at  this  pressure  the  expansion  of 
the  tube  amounts  to  about  50  c.c.  The  method  is 
extremely  sensitive,  and  shows  that  the  strict  pro- 
portionality between  stress  and  strain,  demanded 
by  Hooke's  law,  does  not  in  fact  exist,  a  fact  which 
is  now  becoming  generally  recognised.  Far  below 
the  elastic  limit,  and  in  fact  all  the  way  up  the  load 
curve  slight  permanent  stretching  takes  place.  It 
is  interesting  to  note  that  at  a  pressure  of  10  tons 
per  sq.  inch  water  is  compressible  to  the  extent  of 
6%,  and  that  about  a  litre  of  water  has  to  be 
pumped  into  one  of  these  tubes,  already  quite  full 
at  atmospheric  pressure,  in  order  to  reach  10  tons 
per  sq.  inch. 

Passing  now  to  the  catalyst  material  itself,  it  is 
not  at  all  difficult  to  find  a  large  number  of  sub- 
stances which  will  give  a  good  activity  for  a  short 
time  if  pure  gases  are  used,  but  it  is  quite  another 
matter  to  find  a  catalyst  which  will  have  a  long 
active  life  under  works  conditions  and  with  gases 
which  are  only  technically  pure.  In  this  M. 
Claude  has  succeeded  admirably,  and  he  uses  a 
material  which  is  made  from  very  cheap  substances 
by  a  simple  process.  The  basis  of  this  catalyst 
material  is  peroxidised  iron  prepared  by  burning 
iron  in  oxygen,  with  the  addition  of  other  equally 
cheap  materials  which  are  added  in  order  to  in- 
crease its  activity  and  its  immunity  from  poisons. 
The  oxide  of  iron  is.  of  course,  reduced  by  hydrogen 
in  the  catalyst  tube.  Other  catalysts  may  perhaps 
be  more  effective  scientifically  than  Claude's,  but 
their    uso    necessitates    the    most    elaborate    pre- 
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cautions  in  removing  the  last  traces  of  impurity 
i nun  the  gases.  Now  one  of  the  most  deadly 
i-atalyst  poisons  which  is  liable  to  be  present  in 
hydrogen  obtained  From  coke-oven  gas  or  water-gas 
is  carbon  monoxide.  Claude  often  uses  hydrogen 
containing  2  or  3  per  cent,  of  carbon  monoxide,  and 
this  is  made  possible  by  an  extremely  simple  device. 
A  tube,  similar  to  the  catalyst  tubes,  is  traversed 
bj  the  gases  on  their  way  from  the  Buper-compressor 
to  the  catalyst  tubes  proper.  This  "protector" 
tube,  as  it  Is  called,  is  filled  with  spent  catalyst 
material  which  has  become  insufficiently  active  for 
further  use  in  the  catalyst  tubes,  and  is  heated  to 
about  400°  C.  Any  carbon  monoxide  present 
in  the  gases  is  converted  into  methane, 
CO  +  3H,-»-CH4  +  H,0.  Any  oxygen  present  is  at 
the  same  time  burned  to  water.  Obviously,  in  indus- 
trial working  the  percentage  of  carbon  monoxide 
must  be  kept  as  low  as  possible,  or  a  serious  loss  of 
hydrogen  would  occur;  but  it  is  quite  easy  to  do  this. 

The  robust  nature  and  fool-proof  quality  of 
Claude's  catalyst  material  are  features  which 
greatly   impress  visitors  to  his  plant,   particularly 


quantity   is  easily    removed    from  the  residual   gases 

either  by  further  cooling  produced  by  the  vaporisa- 
tion of  part  of  tho  ammonia,  or  by  absorption  in 
sulphuric  acid. 

The  uncombined  or  residual  gases  from  the  las! 
catalyst  tube,  alter  removal  hi  tins  ammonia,  are 
returned  to  the  system. 

Figure  5  slums  the  general  arrangement  ol  the 

plant.  A  and  B  arc  the  hydrogen  and  nitl 
gasholders  respectively,  with  meters,  C,  OH  the 
delivery  pipes.  The  gases  are  mixed  at  the  valve, 
D,  and  pass  to  the  compressor,  E,  where  they 
are  compressed  to  100  atmospheres.  After  going 
through  an  oil  and  water  separator  (not  shown) 
the  mixed  gas  is  compressed  to  900  atmospheres  in 
tho  "  super-compressor,"  F.  Another  oil  and  water 
separator,  G,  follows,  and  then  the  gas  goes,  via  a 
heat  interchanges  H,,  to  the  protector  tube,  J. 
Any  water  formed  from  traces  of  carbon  monoxide 
or  oxygen  present  in  the  gas  is  condensed  in  the 
cooler,  M,,  and  separated  in  the  small  separator,  K. 
The  pure  gases  next  pass  through  tho  heat  inter- 
changers,    H2   and   H:i,   and   the   first  two  catalyst 
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those  who  have  already  seen  the  Haber  plants 
and  who  therefore  realise  the  elaborate  precautions 
which  have  to  be  taken,  and  the  unceasing  scientific 
control  which  is  required  to  keep  the  Haber 
catalyst  in  working  order. 

The  next  question  is  how  to  remove  from  the 
system  the  ammonia  formed  in  the  catalyst  tubes. 
Here  again  the  use  of  supcrpressures  results  in 
striking  advantages.  On  cooling  the  gases  con- 
taining ammonia  to  ordinary  temperature,  a  cer- 
tain proportion  of  the  ammonia  liquefies  and  may 
be  separated  by  gravity  from  the  gas,  this  propor- 
tion depending  upon  the  ratio  of  the  vapour  pres- 
sure of  ammonia  to  the  total  pressure  of  the  gases. 
Under  the  Haber  conditions  with  200  atmospheres 
the  Germans  find  it  necessary  to  inject  water  into 
the  system  and  thereby  recover  the  ammonia  as 
an  aqueous  solution.  This  all  consumes  a  good  deal 
of  power  and  involves  no  little  complication  of 
plant,  and  if  the  ammonia  is  required  in  the 
anhydrous  state  the  liquor  has  to  be  distilled. 

At  900  atmospheres,  however,  simple  cooling  by  a 
coil  immersed  in  water  suffices  to  liquefy  the  whole 
of  the  ammonia  save  2  or  3  per  cent.,  and  this  small 


tubes,  L,  and  L„,  in  parallel,  returning  through  the 
heat  interchanges  and  the  cooler,  M„  to  the  separ- 
ator, N,,  where  the  liquid  ammonia  formed  is 
withdrawn.  The  uncombined  gas  then  continues 
through  heat  interchanger  H,  to  the  third  catalyst 
tube,  L3,  back  through  cooler  M3  to  separator  N., 
and  the  gas  still  uncombined  goes  to  the  last  cata- 
lyst tube,  L4,  and  back  to  separator  N„  as  before. 
The  ammonia  from  the  separators  is  blown  into  the 
collecting  bottle,  O,  and  from  there  to  the  storage 
cylinder,  P. 

This  completes  the  description  of  the  Claude 
plant  and  process  for  making  synthetic  ammonia, 
and  demonstrates  it  to  be  a  remarkably  simple, 
straightforward,  and  fool-proof  way  of  attaining 
the  desired  result,  and  in  fact  a  most  striking 
contrast  to  the  complicated  and  intricate  Haber 
method. 

The  raw  materials  (hydrogen  and  nitrogen),  and 
the  power  requirements  of  the  process  may  next 
be  considered.  Nitrogen  can  be  made  in  standard 
liquid-air  machines  at  a  cost  of  a  few  pence  per 
thousand  cubic  feet,  and  since  there  is  only  one 
volume  of  nitrogen  to  three  volumes  of  hydrogen, 
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the  cost  of  it  is  not  an  important  item.  There 
are  other  methods  of  preparing  pure  nitrogen  which 
will  be  dealt  with  later. 

Hydrogen,  however,  is  a  big  item  in  the  cost,  and 
cheap  hydrogen  is  essential  to  the  commercial 
success  of  synthetic  ammonia.  In  this  country,  and 
at  the  present  time,  probably  the  most  economical 
source  of  hydrogen  is  existing  coke  ovens.  I  say 
"  existing  "  advisedly,  because  it  would  be  another 
story  if  coke  ovens  had  to  be  built  at  to-day's  prices 
and  a  market  found  for  the  resulting  coke. 

The  process  adopted  for  separating  the  hydrogen 
from  the  coke-oven  gas  is  a  simple  one  of  liquefac- 
tion in  a  modified  form  of  liquid-air  plant.  The 
principle  is  fractional  liquefaction,  and  not  frac- 
tional distillation  as  in  the  liquid-air  process.  The 
coke-oven  gas,  after  stripping  in  an  ordinary  by- 
product plant,  is  compressed  to  25  atmospheres 
and  passed  through  a  tower  containing  water 
which  dissolves  most  of  the  carbon  dioxide,  the 
last  traces  being  removed  by  lime-water  injected 
at  the  top  of  the  tower.  Were  the  carbon  dioxide 
not  removed,  it  would  solidify  and  choke  up  the 
liquefaction  apparatus.  The  compressed  gas  is  then 
progressively  cooled,  the  ethylene  and  similar  hydro- 
carbons first  liquefying,  then  the  methane,  after 
that  the  carbon  monoxide,  and  finally  the  nitrogen, 
leaving  only  the  hydrogen  in  the  gaseous  state. 
The  nitrogen  is  liquefied  at  the  top  of  the  apparatus, 
and  running  down  washes  away  the  last  traces  of 
carbon  monoxide  which  dissolve  in  it.  The  issuing 
hydrogen  is  allowed  to  expand  while  doing  external 
work  in  an  engine,  and  it  is  thereby  cooled  to  about 
-210°  to  -215°  C,  and  subsequently  absorbs  heat 
from  the  incoming  coke-oven  gas  in  a  heat  inter- 
changer.  The  question  of  lubricating  the  cylinders 
of  the  expansion  engine  on  this  plant  provided  a 
nice  problem.  Petroleum  ether  makes  a  good  lubri- 
cating oil  for  low  temperature  work,  freezing  only 
at  -90°  C.,  but  this  task  was  beyond  it.  Claude 
found  a  simple  solution  of  the  difficulty  by  mixing 
with  the  hydrogen  a  little  nitrogen  (the  presence  of 
which  is  of  course  quite  harmless),  whereby  some 
of  the  nitrogen  liquefies  in  the  cylinders  and  forms 
an  excellent  lubricant.  The  manufacturing  cost  of 
hydrogen  separated  from  coke-oven  gas  in  this  way 
is  about  Is.  6d.  per  1000  cub.  ft.  The  remaining 
gases  can  be  burnt  in  gas  engines  to  produce  power, 
and  if  the  air  admitted  is  reduced  to  a  minimum 
the  exhaust  gases  after  removal  of  water  and  carbon 
dioxide  are  nearly  pure  nitrogen,  thus  providing 
another  source  for  this  material. 

In  countries  where  cheap  water  power  is  avail- 
able, electrolytic  hydrogen  becomes  very  attractive. 

A  little  consideration  may  now  be  given  to  the 
uses  of  synthetic  ammonia,  thus  leading  up  to  the 
question  of  the  industrial  future  of  the  Claude  pro- 
cess. The  two  main  outlets  for  synthetic  ammonia 
are,  of  course,  nitrogenous  fertilisers  and  nitric-  acid 
for  making  explosives.  Taking  the  latter  first,  the 
national  advantages  of  having  large  synthetic- 
ammonia  plants  available  in  case  of  war  are  obvious, 
and  it  is  ancient  history  to-day  that  without  the 
Haber  plants  the  Germans  could  not  have  carried 
on  the  war  beyond  a  year,  while  we  and  our  Allies 
were  entirely  dependent  upon  our  command  of  the 
sea  for  supplies  of  Chile  nitrate  from  which  to  make 
our  explosives.  The  late  Lord  Moulton  spoke  most 
feelingly  on  this  subject  in  the  last  public  speech  he 
made,  one  before  a  meeting  of  the  Association  of 
British  Chemical  Manufacturers  on  February  16 
last,  in  which  he  alluded  to  the  terror  he  felt  during 
the  four  years  of  the  war  owing  to  the  risk  of  Ger- 
man submarines  concentrating  on  the  nitrate  ship.* . 
For  peace  time  uses  synthetic  ammonia  provides  tin- 
cheapest  sources  of  nitric  acid,  and  solves  the  trans- 
port difficulty,  for  ammonia  is  comparatively  easy 
to  transport;  it  contains  over  82%  nitrogen  against 


about  15J  %  in  commercial  Chile  nitrate,  and  it  can 
readily  be  oxidised  to  nitric-  acid  at  the  place  where 
l  he  acid  is  to  be  used. 

As  regards  fertilisers,  the  ammonia  has  to  be 
"  fixed  "  in  some  way,  either  with  sulphuric  acid  to 
form  sulphate,  or  by  a  modified  form  of  ammonia- 
soda  process  to  give  chloride,  an  important  by-pro- 
duct of  this  process  being  bicarbonate  of  soda.  There 
are,  of  course,  other  possibilities  for  the  future  such 
as  synthetic  area,  and  for  special  markets  which 
must  have  nitrate  of  soda,  this  product  can  be  made 
synthetically  at  a  cost  well  below  that  of  the  natural 
product. 

The  following  table  slmws  the  comparative  power 
requirements  and  cost  of  power  per  ton  of  ammonia 
as  between  hydrogen  obtained  from  coke-oven  gas 
with  steam  power  at  id.  per  unit,  and  electrolytic 
hydrogen  with  hydro-electric  power  at  l/25d. 
per  unit :  — 


Hydrogen  from 

coke-oven  gas. 

Steam  power  at  Jd. 

per  kw.-hr. 

Electrolytic 

hydrogen. 

Hydro-electric  power 

atl-25d.  per  kw.-hr. 

Nitrogen 
Hydrogen 
Compression 
Miscellaneous 

kw.-hr. 

279 
1,287 
1,530 

175 

% 
8-53 

39-35 

46-78 

5-34 

kw.-hr. 

279 

13,590 

1,530 

175 

o/ 
m 
1-79 
87-27 
9-82 
1-12 

Total 

3,271 
Cost  £6 

10000 
16s.  3d. 

15,574 
Cost  £2 

10000 
lis.  lid. 

In  order  to  obtain  the  advantage  of  the  cheapest 
available  source  of  power,  the  Cumberland  Coal, 
Power  and  Chemical  Co.  has  acquired  a  controlling 
interest  in  the  Tysse  water-power  undertaking  in 
Norway.  This  great  power-station  contains  plant 
for  producing  145,000  electrical  horse-power,  cur- 
rent being  generated  at  12,000  volts,  3  phase,  25 
cycles.  Including  the  actual  running  expenses  of 
the  power-station,  upkeep,  and  depreciation  on  the 
purchase  price,  one  horse-power  will  cost  at  Tysse 
£1,  or  less  than  1/25  of  a  penny  per  kilowatt-hour. 
By  securing  the  control  of  this  undertaking,  the 
company  also  acquires  the  extensive  factories  situ- 
ated at  Odda,  about  4  miles  from  Tysse.  These 
works,  besides  containing  large  manufacturing 
buildings,  are  well-equipped  with  workshops, 
foundries,  stores,  laboratories,  and  shipping  facili- 
ties. At  Odda,  100,000  electrical  horse-power,  trans- 
mitted from  Tysse,  is  immediately  available. 

It  is  intended  in  the  near  future  to  erect  a  Claude 
plant  to  produce  156,000  metric  tons  of  ammonium 
sulphate  annually.  Another  works,  with  an  initial 
output  of  50,000  t.  per  annum  of  ammonium 
sulphate,  is  to  he  built  near  Workington,  in 
Cumberland,  adjacent  to  an  existing  coke-oven 
plant,  the  production  being  intended  for  home 
consumption. 

Discussion. 

The  Chairman,  Mr.  J.  A.  Reavell  (Chairman  of 
the  Chemical  Engineering  Group),  said  he  wished  to 
draw  attention  to  the  fact  that  this  was  the  second 
meeting  which  the  Chemical  Engineering  Group  of 
the  Society  of  Chemical  Industry  had  had  with  the 
Institution  of  Mechanical  Engineers,  and  they  were 
fortunate  in  having  with  them  that  evening  the 
President  of  the  Institution,  Capt.  Sankey.  He 
would  therefore  call  upon  Capt.  Sankey  to  open  the 
discussion. 

Captain  Sankey  said  he  looked  upon  it  as  an 
honour  to  be  .asked  to  open  the  discussion  at  this 
joint  meeting.  He  knew  very  little  indeed,  how- 
ever, about  this  subject.  His  knowledge  of  chemistry 
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and  his  knowledge  of  mechanical  engineering  just 
enabled  him  to  realise  the  beaut;  and  simplicity  ol 
the  chemical  work  and  also  the  great  ingenuity  of 
the  mechanical  arrangements  that  had  been  adopted 
to  meet  the  requirements  of  the  Claude  process. 
When  he  first  heard  of  pressures  of  900  atmospheres 
he  had  thought  it  must  mean  the  most  complicated 
mechanical  arrangements,  but  to  his  astonishment, 
when   he    read   the   abstract  of  the  paper,    he  found 

they  were  very  far  from  that, because  the  mechanical 
part  was  so  extremely  simple,  and,  to  his,mind,  that 
was  one  of  the  great  attractions  of  the  process. 
He  would  like  to  ask  a  question  about  the  testing 
of  the  cylinders.  It  had  been  pointed  out  that 
Hooke's  law  was  not  obeyed  after  a  certain  pres- 
sure, but  he  would  like  to  know  if,  alter  they  had 
tested  one  of  these  cylinders  and  obtained  the  law 
of  expansion  they  then  released  the  pressure  and 
then  put  it  on  again,  would  the  same  effect  occur  or 
would  Hooke's  law  in  that  case  be  more  nearly 
observed.  He  did  not  know  whether  the  author  had 
tried  the  experiment.  In  conclusion,  Capt.  Sankey 
said  he  would  like  to  take  the  opportunity  of  observ- 
ing how  extremely  important  it  was  for  mechanical 
engineers  and  chemists  to  hold  joint  meetings  in 
this  way.  The  Admirable  Crichtons  who  were  suf- 
ficiently good  chemists  and  sufficiently  good 
engineers  to  devise  the  apparatus  required  for  the 
chemical  industry  must  be  very  few  and  far 
between.  Therefore,  it  was  of  extreme  importance 
that  these  joint  meetings  should  be  held,  and  he 
hoped  they  would  have  a  further  and  greater  con- 
nection in  some  sort  of  direction  or  another  in 
future.  He  could  not  define  that  at  the  moment  any 
more  closely.  They  must  all  feel  that  they  had 
heard  a  description  of  a  plant  which  was  epoch- 
making  and  of  which  they  would  hear  a  great  deal 
more  in  the  future. 

Dr.  J.  A.  Harkf.r,  F.R.S.,  said  he  had  been 
much  interested  in  watching  the  progress  of  the 
Claude  process  right  from  its  earliest  beginnings  to 
the  present  day.  The  author  of  the  paper  had 
emphasised  some  of  the  important  differences  be- 
tween this  process — which  was  described  in  detail 
for  the  first  time — and  the  original  Haber  process 
of  working,  as  operated  by  the  Badische  Co.  While 
mentioning  the  Haber  process,  however,  he  ought 
to  say,  after  some  special  opportunities  for  acquaint- 
ing himself  with  the  facts,  that  while  it  was  quite 
true  that  the  basic  chemistry  of  the  synthetic 
ammonia  process  was  developed  under  Haber's 
general  direction  in  the  laboratories  of  the 
Technische  Hochschule  at  Karlsruhe,  yet  it  was  in 
danger  of  being  overlooked  that  this  work  was  not, 
as  was  so  often  supposed,  entirely  a  German  achieve- 
ment. He  felt  it  only  his  duty  to  state  that  in  his 
view  its  success  was  in  very  great  measure  due  to 
the  brilliant  researches  of  two  Englishmen,  pupils 
and  co-workers  of  Haber,  viz.,  Dr.  Robert  le 
Rossignol,  who  was  a  Jersey  man,  and  the  late  Dr. 
H.  C.  Greenwood.  Mr.  West  had  told  them  that 
one  of  the  most  striking  differences  between 
the  Claude  plant  for  a  given  ammonia  output 
and  that  used  in  the  Haber  method,  was  that 
the  Claude  plant  was  very  much  smaller.  He 
had  stated  that  the  space-time  yield  or  the  amount 
nt  ammonia  produced  in  unit  time  by  a  given 
amount  of  catalyst  by  the  Claude  process  was 
about  16  times  as  great  as  in  the  Haber  method 
— 1  litre  of  catalyst  giving  a  yield  of  5000  to 
6000  grammes  per  hour  instead  of  350  to  400 
grammes.  That  was  certainly  an  achievement,  and 
in  the  newer  French  method  this  result  was  brought 
about  mainly  by  the  adoption  of  the  higher  working 
pressure  of  900  atmospheres  instead  of  200.  He 
would  like,  however,  to  point  out  that  increase  of 
working  pressure  was  not  the  only  method  by  which 
greatly  increased  yields  can  be  obtained.  Some  of 
those  present  would  he  aware  that  a  long  series  of  ex- 
periments on  the  problem  of  ammonia  synthesis  was 


carried  out  during  the  war  period  by  the  Nitrogen 
Products  Committee  under  the  auspices  of  the 
.Munitions  Inventions  Department  of  the  Ministry 
of  Munitions.  By  the  kindness  of  the  Provost  and 
Senate  of  University  College,  and  especially  by  the 
enthusiastic  help  of  Prof.  Donnan,  the  Committee's 
Research  Laboratory  was  located  in  the  new  Ramsay 
buildings  of  the  college,  and  one  of  the  first  processes 
studied  was  that  of  synthetic  ammonia  production. 
By  modifications  of  the  original  Haber  method 
on  lines  completely  different  from  those  of  Claude, 
the  same  kind  of  results  and  yields,  as  they  had 
heard  of  from  Mr.  West,  were  now  being  obtained 
on  a  manufacturing  scale.  He  himself  said  good 
luck  to  both  systems.  As  soon  as  the  world  settled 
down  to  normal  work  and  production,  it  was  his 
firm  conviction,  after  some  considerable  study  of 
the  economic  situation,  that  the  world's  demand 
for  increased  supplies  of  cheap  fertilisers  would 
furnish  an  ample  market  for  all  that  could  be  pro- 
duced by  synthetic  and  non-synthetic  methods. 
There  was  one  technical  point  to  which  he  would 
like  to  refer.  It  was  said  that  the  .actual  proportion 
of  combination  in  the  Claude  process  was  about 
42%  as  against  13%  in  the  Haber  process.  AY  as 
the  42%  a  working  value  or  an  equilibrium  per- 
centage? If  it  were  an  equilibrium  value  then  the 
working  value  was  bound  to  be  lower.  Another 
question  was  with  regard  to  the  series  working. 
Was  there  evidence  of  any  difference  in  the 
percentage  of  the  gases  combined  in  the  first, 
second  and  third  stages.  Mr.  West  had  said  that 
there  was  rather  over  SO  per  cent,  combination 
over-all,  and  that  by  his  formula  he  could  calculate 
back  to  get  the  value  of  "a,"  but  had  M.  Claude 
made  any  separate  determinations  to  see  whether 
the  yield  might  be  greater  in  the  first,  second  or 
third  vessel.  It  was  obvious  that  the  first  catalyst 
had  to  stand  the  rougher  treatment  and  would  have 
the  shorter  life  than  the  others,  but  supposing  they 
had  a  good  and  new  catalyst  in  all  the  vessels  work- 
ing normally,  he  would  like  to  know  whether  Mr. 
AVest  had  anything  to  say  as  to  the  differences  in 
the  three. 

Mr.  J.  Reavell  (Ipswich),  as  a  member  of  the 
Institution  of  Mechanical  Engineers,  supported 
what  Captain  Sankey  had  said  about  the  advantage 
of  holding  these  joint  meetings.  One  important 
matter  which  appealed  to  all  engineers  was  the 
lubrication  of  the  compression  apparatus.  He  must 
confess  that  he  was  surprised  to  hear  that  petroleum 
ether  was  satisfactory  tor  lubricating  purposes. 

Captain  Livens  asked  for  information  as  to  the 
composition  and  life  of  the  catalyst. 

Captain  A.  Egerton  said  there  were  two  ways  in 
which  a  process  might  be  made  a  success.  One  was 
to  add  detail  upon  detail  and  make  it  complicated, 
although  a  success,  and  the  other  was  by  taking  off 
everything  that  was  irrelevant  and  leaving  a  simple 
and  fine  process.  That  was  what  M.  Claude  had 
done  in  bis  process.  He  had  watched  it  since  1917, 
and  every  time  he  had  seen  it,  it  was  more  and 
more  simple.  On  the  other  hand,  in  the  case  of 
the  Haber  process,  exactly  the  opposite  seemed  to 
be  the  case,  and  little  things  had  been  added  until 
it  was  a  vast  complicated  process,  although  success- 
ful. It  was  not  difficult,  however,  to  make  one's 
choice  in  favour  of  the  simple  process.  It  was  the 
same  in  regard  to  the  hydrogen  process.  In  this 
case  also  M.  Claude  had  removed  everything  that 
was  complicated  and  made  it  somewhat  on  the  lines 
of  the  Linde  hydrogen  process,  but  it  was  infinitely 
more  simple  than  the  Linde  process.  One  of  the 
slides  had  shown  a  comparison  of  the  big  Haber 
plant  with  the  small  Claude  plant,  but  a  better 
idea  would  have  been  given  had  the  inside  of  the 
Haber  plant  been  shown  with  all  its  complications. 
The  comparison  would  then  have  been  more 
noticeable. 
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Mb.  W.  H.  Patchell,  who  also  supported  what 
had  been  said  by  Captain  San key.  as  a  member  of 
the  Institution  of  Mechanical  Engineers,  spoke 
with  regard  to  the  effect  of  hydrogen  on  .-tee!  pipes. 
He  said  there  had  been  trouble  with  steam  steel 
pipes  and  semi-steel  pipes  in  some  quarters,  and  it 
had  been  attributed  to  the  eft'eet  of  hydrogen. 
Could  Mr.  West  say  whether  he  had  found  anything 
of  the  sort  in  this  plant,  and  whether  hydrogen  did 
act  deleteriously  on  the  steel  at  these  high  pressures. 

Mr.  West,  replying  to  the  discussion,  said  he  had 
tried  repeating  the  test  on  pressure,  as  mentioned 
by  Captain  Sankey.  and  found  that  if  they  did  it 
a  second  time  they  got  a  straight  stress-strain  line 
up  to  where  they  had  left  off  previously,  and  after 
tint  the  curve  began  to  go  up  again.  Furthermore, 
if  they  left  the  pressure  on  for  several  minutes  the 
stretch  would  go  on  slowly  and  gradually  diminish- 
ing. In  reply  to  Dr.  Barker,  he  said  the  values 
were  equilibrium  values,  but  from  the  test  result-, 
of  which  Dr.  Harker  was  well  aware,  M.  Claud© 
must  get  very  near  the  actual  theoretical  equi- 
librium, and  probably  nearer  than  did  Haber  with 
his  lower  pressure.  Haber  had  published  figures, 
and  he  believed  the  actual  combination  which  he 
got  was  6  or  7  per  cent.  With  regard  to  separate 
values  in  each  of  the  catalyst  tubes,  he  was  not  quite 
sure  whether  Dr.  Harker  meant  the  space  time 
values  or  the  actual  work  done  in  each  tube.  Of 
course,  the  third  tube,  as  a  matter  of  fact,  had  most 
of  the  work.  The  first  two  took  a  share  between 
them,  and  taking  100  volumes  of  gas,  there  would 
be  about  50  going  through  each  tube,  and  taking  in 
round  figures  a  combination  of  40  per  cent.,  that 
gave  20  volumes  combined  in  each  first  tube.  Then 
they  had  got  60  volumes  coming  on  to  the  next  tube, 
and  they  had  40  per  cent,  of  60  in  that,  so  that  it 
was  the  third  tube  which  had  most  of  the  work  to 
do.  After  that,  it  was  the  first  two.  and  the  fourth 
tube  had  very  little  indeed.  He  did  not  think  M. 
Claude  had  made  any  separate  determinations  of 
the  space  time  yield  for  the  particular  tubes.  As 
to  petroleum  ether,  he  did  not  think  M.  Claude 
had  done  any  viscosity  determinations.  All  he 
wanted  was  something  which  would  stop  his  piston 
seizing  up,  bat  it  might  be  that  there  was  a  liquid 
film  which  gave  the  effect  in  this  case.  Answering 
Captain  Livens  with  regard  to  the  catalyst,  he  was 
afraid  he  could  not  give  any  more  information  as  to 
the  composition  than  was  in  the  paper.  As  regards 
its  life,  the  life  was  so  long  that  the  cost  of  the 
catalyst  material  was  infinitesimal.  With  regard 
to  the  question  raised  by  Mr.  Patchell,  and  the 
effect  of  hydrogen  on  steel,  they  always  used  pipes 
of  the  special  nickel  chrome  steel  when  the  gases 
were  hot  and  they  had  been  working  without  any 
trouble  whatever. 

Professor  J.  W.  Hixchley,  proposing  a  vote 
of  thanks  to  the  .author,  said  the  paper  was  a  pro- 
vocative one  to  some  people,  but  unfortunately  it 
had  not  succeeded  in  provoking  them  to  come  for- 
ward and  say  how  they  did  it.  He  had  hoped  that 
Dr.  Harker  was  going  to  say  something  of  the  way 
he  had  worked  at  University  College,  but  he  had 
not.  However,  the  details  of  the  Claude  process 
had  now  been  placed  before  them,  and  he  hoped 
it;  would  provoke  other  people  to  be  equally  open 
and  to  place  all  their  cards  on  the  table,  because 
he  did  not  think  anything  was  lost  by  so  doing. 
This  paper  was  an  example  to  our  manufacturers 
not  to  be  secretive  about  their  work  because  he 
imagined  they  would  get  far  more  benefit  by  being 
open  than  by  being  secretive.  He  was  not  suggest- 
ing that  Dr.  Harker  was  secretive,  because  he  had 
not  the  slightest  doubt  that  the  process  was  not 
his  property.  He  was  speaking  of  the  people  who 
were  working  other  processes  devoted  to  the  fixa- 
tion   of    atmospheric   nitrogen. 

The  vote  of  thanks  was  accorded  with  acclama- 
tion. 


irWf  reii    t 'iimiininiciilitins. 

Captain  C.  J.  Goodwin  thought  it  was  hardly 
possible  in  this  discussion  to  adhere  closely  to  the 
subject  of  the  paper,  as  Mr.  Wesl  obviously  knew 
more  about  it  than  most  of  those  present.  He 
was  somewhat  surprised  at  the  very  low  figure  of 
£1  per  horse  power  year  given  as  the  cost  of  elec- 
tric energy  at  the  hydro-electric  works  in  Norway, 
and  that  was  undoubtedly  a  determining  factor  in 
the  economic  future  of  a  process  which  depended 
essentially  on  a  supply  of  pure  and  cheap  hydrogen. 
Even  in  America,  and  particularly  at  seine  el  the 
new  hydro-electric  developments  which  he  had  re- 
cently visited,  the  cost  was  and  would  be  many 
times  as  great,  but  there  was  a  limit  to  the  amount 
of  plant  which  could  be  installed  in  Norway,  and 
the  question  of  costs  in  other  countries  was  there- 
fore of  considerable  importance  in  fixing  the  future 
price  of  synthetic  ammonia  in  the  markets  of  the 
world,  and  he  hoped  the  author  would  amplify  the 
information  given  in  that  direction.  With  regard 
to  the  figure  of  Is.  6d.  per  1000  cubic  feet  given  as 
the  cost  of  manufacturing  hydrogen  separated  from 
coke  oven  gas,  he  would  ask  the  author  to  supply 
accurate  details  as  to  how  this  was  arrived  at,  as 
it  seemed  unduly  low.  The  figure,  no  doubt,  made 
suitable  allowances  for  the  revenue  obtained  from 
the  various  by-products,  but  unless  this  was  stated 
together  with  the  volume  of  the  gases  handled, 
the  prospects  of  using  coke  oven  gas  could  not  be 
properly  appreciated,  as  the  by-product  market  was 
liable  to  considerable  fluctuation.  In  the  slides 
accompanying  the  paper,  the  author  had  shown 
M.  Claude's  plant  making  hydrogen  from  water 
gas  and  not  from  coke  oven  gases,  and  if  it  was  a 
question  of  using  water  gas,  it  seemed  doubtful 
whether  so  low  a  price  could  be  obtained,  as  even 
with  coke  at  30s.  per  ton,  water  gas  in  England 
was  to-day  hardly  obtainable  at  much  less  than  Is. 
per  1000  cubic  feet.  The  very  low  cost  of  hydro- 
electric power  in  Norway  would  make  it  possible  to 
raise  steam  at  an  economical  figure,  and  in  Canada 
a  good  deal  of  electric  energy  that  would  otherwise 
be  wasted,  was  at  present  being  utilised  in  that 
way.  He  had  seen  a  three-phase  electric  boiler  in 
Canada  with  a  capacity  of  15,000  kilowatts,  and  it 
was  a  remarkably  small  and  cheap  apparatus 
occupying  less  room  than  an  ordinary  Lancashire 
boiler. 

The  whole  economic  future  of  nitrogen  fixation 
was  a  matter  of  national  importance,  and  there 
could  be  no  doubt  that  the  Haber  and  Claude  pro- 
cesses had  almost  completely  upset  all  previous 
calculations  and  rendered  the  cyanamide  and  arc 
process  relatively  uneconomical.  In  the  case  of 
ammonia  synthesis,  we  still,  however,  required 
three  distinct  processes,  all  requiring  the  highest 
technical  skill,  and  while  this  was  undoubtedly 
necessary  for  the  production  of  ammonia,  it  seemed 
a  pity  to  go  through  these  many  steps  «nd  the  addi- 
tional one  of  oxidation  for  the  production  of  the 
nitric  acid  required  by  the  explosives  and  other  in- 
dustries, and  for  the  conversion  of  the  ammonia 
itself  into  ammonium  nitrate.  Steinmetz  had 
endeavoured  to  show  that  the  arc  process  was  not 
yet  dead,  while  he  personally  inclined  to  the  view 
that  there  was  an  even  better  future  in  store  for  an 
explosion  process  such  as  that  of  Haus6er. 

Just  before  the  war  he  had  inspected  Hiiusser's 
experimental  plant,  but  on  account  of  the  more 
immediate  results  obtainable  from  cyanamide  and 
ammonia  synthesis,  the  development  of  the  process 
was  postponed.  The  same  conclusion  was  arrived 
at  by  the  Nitrogen  Products  Committee  in  this 
country,  although  during  the  war  the  possibilities 
of  the  process  were  investigated  theoretically  by 
one  of  our  most  distinguished  chemical  engineers. 
Recently  a  plant  of  unit  commercial  size  had  been 
in  economical  operation  in  Germany,  and  had  given 
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.yields  of  about  100  gnams  of  nitric  arid  per  cubic 
metre  of  coke  oven  ga.s  of  4000  Cal.  and  with  an 
output  of  about  2  tons  per  day,  and  lie  ventured, 
therefore,  to  suggest  that  the  Hausser  process 
might  prove  an  indispensable  adjunct  to  processes 
like  that  of  Claude.  As  oxygen  was  a  by-product 
of  the  Claude  process,  and  could  be  used  to  increase 
the  yield  of  the  explosion  process,  the  two  would  fit 
together  very  well.  He  hoped  the  author  would 
give  some  information  as  to  the  uses  proposed  for 
their  by-product  oxygen.  A  most  important  point 
in  regard  to  the  explosion  process  was  the  recent 
discovery  of  Bodenstein  (Z.  f.  Elektrochemie,  1918, 
183)  that  under  a  pressure  of  say  3  atmospheres 
the  volume  of  the  reaction  and  absorption  towers 
required  for  the  mixture  of  nitric  acid  and  air 
could  be  reduced  to  1J%  of  that  required  at  atmos- 
pheric pressure.  This  was  quite  feasible  with  the 
explosion  process,  but  not  with  the  arc  process. 
Special  nickel  chromium  steels  like  "Vicronic," 
mentioned  in  Mr.  West's  paper,  and  those  de- 
veloped by  Krupp  under  the  name  V2A,  are  capable 
of  standing  50%  boiling  nitric  acid,  and  would  be 
suitable  as  they  can  be  welded.  Some  500  centri- 
fugal pumps  of  V2A  had  been  in  operation.,  and 
he  had  seen  some  of  them  at  work.  In  speaking  of 
Vicronic  as  being  a  nickel  chromium  alloy,  he  pre- 


sumed   that    a    nickel    chromium    steel    was    meant, 
probably  with  a  low  carbon  content. 

Author's    liejihi    tn    Written    Communications. 

In  reply  to  Captain  Goodwin,  the  figure  of  £1 
per  horse-power  year  given  for  the  cost  of  power 
at  Tysse  is  admittedly  a  very  low  figure,  though 
absolutely  correct  in  this  instance.  The  reason  for 
the  lowness  of  the  figure  is  that  it  was  possible  in 
this  case  to  acquire  very  cheaply  a  hydro-electric 
undertaking  built  before  the  war.  In  any  case  of 
harnessing  water-power  to-day  the  cost  would  in- 
evitably   be   much   higher. 

With  regard  to  the  figure  of  Is.  6d.  per  1000 
cubic  feet  for  hydrogen  separated  from  coke  oven 
gas,  it  should  be  pointed  out  that  this  refers  to  an 
existing  coke  oven  plant  which  is  an  independent 
profit-earning  concern.  It  is,  therefore,  only 
necessary  to  debit  the  hydrogen  plant  with  the 
thermal  value  of  the  hydrogen  removed  from  the 
gas,  and  at  the  time  when  this  figure  of  Is.  6d.  was 
arrived  at,  this  thermal  value  was  considerably 
higher  than  it  is  to-day. 

As  to  the  point  raised  of  Vicronic  being  a  steel, 
this  metal  is  considered  by  Messrs.  Vickers  to  be 
technically  not  a  steel. 


DE-GASSING   AND    PURIFICATION    OF 
BOILER    FEED    WATER. 

By    M.    PAUL    KESTNER. 

President  dc  la  Societe  de  Chimie  Industr  telle  de  France. 


A  joint  meeting  of  The  Institution  ol  Mechanical 
Engineers  with  The  Society  of  Chemical  Industry 

was  hold  ;u  The  Institution.  London,  cm  Friday, 
March  4,  1921,  at  b'  o'clock  p.m.:  Captain  11.  Rial! 
Bankey,  C.B.,  C.B.E.,  It.E.  (ret.)  President,  was  in 
the  chair,  supported  by  Sir  William  Pope,  K.B.E., 
F.K.S.,  President  of  The  Society  of  Chemical 
Industry. 

The  President  remarked  on  the  nature  of  the 
meeting,  because  it  was  a  joint  meeting  between 
the  Institution  and  the  Society  of  Chemical 
Industry.  He  was  glad  to  announce  that  Sir 
William  Pope,  the  President  ot  that  Society,  and 
several  important  members  of  the  Society  were  pre- 
sent. M.  Paul  Kestner  the  author  of  the  paper, 
was  the  President  and  Founder  of  the  Society  of 
Chemical  Industry  in  France.  He  was  a  very  well- 
known  French  chemist  and  an  engineer,  who  had 
done  much  work  in  connection  with  sugar  refining, 
multiple  evaporators,  and  other  matters  of  a  similar 
nature.  He  would  ask  M.  Kestner  to  present  his 
paper. 

How  to  feed  boilers  with  water  and  to  enable  them 
to  run  for  long  periods  under  steam  without  scale 
or  corrosion  is  the  problem  which  becomes  more 
urgent  every  day.  and  further,  it  is  a  problem  on 
which    a    great    economy    of    fuel     and    material 


some  kinds  of  water  have  proved  refractory  to  treat 
ment ;  after  addition  of  lime  and  soda,  when  raised 
to  high  temperatures,  they  have  still  given  rise  to 
scale  in  the  boilers.  A  process  which  has  been 
effective  with  one  kind  ot  water  has  given  only 
indifferent  results  when  used  with  another  water. 
Another  process  which  has  eliminated  all  calcareous 
salts  from  the  water  has,  in  some  boilers,  produced 
a  concentrated  solution  of  soda.  Perfect  purifi- 
cation is  rarely  obtained. 

There  is,  however,  a  process  which  ensures  the 
prevention  of  the  formation  of  mud  and  incrusta- 
tion in  boilers.  This  process,  which  is  that  of 
continuous  blowing-down,  will  be  considered  in  this 
paper.  It  is  necessarily  used  in  conjunction  with 
the  hot  purification  process,  and  the  combination 
constitutes  a  complete  method  of  treating  the  boiler 
feed-water. 

Purification  at  high  temperature.  It  is  unneces- 
sary to  recall  the  advantages  of  feeding  boilers  with 
hot  water.  In  addition  to  those  advantages  due 
to  the  thermal  side  of  the  question,  there  are  those 
produced  by  the  reduced  solubility  of  gases  in  water 
at  high  temperatures,  as  will  be  shown.  Purifica- 
tion at  ordinary  temperatures,  whether  by  the  use 
of  soda  alone  or  lime  and  soda,  requires  consider- 
able time,  owing  to  the  slowness  of  the  reaction  and 
the  fineness  of  the  precipitate  formed,  which  settles 
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Time  in  hours. 
Fig.  1. 
Curves  showing  reduction  in  time  required  for  the  same  reactions  in  hot  and  cold  liquids. 


depends.  It  is  certain  that  a  large  number  of 
technical  men  have  already  attacked  the  problem 
— frequently  with  considerable  success,  but  never 
with  complete  success.  The  old  lime  and  soda 
purifying  apparatus,  of  very  large  dimensions,  has 
been  gradually  replaced  by  apparatus  of  a  much 
smaller  size  in  which,  thanks  to  the  arrangements 
which  will  be  discussed,  the  rate  at  which  purifica- 
tion is  effected  has  been  increased.  Lately,  purifi- 
cation has  been  done  by  heating,  which  has 
accelerated  the  process.     In  spite  of  these  efforts. 


v.  i  \  slowly.  The  reduction  in  the  time  required 
for  the  same  reactions  in  hot  and  cold  liquid  is 
shown  in  the  curves,  Fig.  1,  which  has  been  taken 
from  a  catalogue  published  by  Messrs.  Cochran 
and  Co. 

Ingenious  processes  have  been  invented  for 
enabling  the  speed  of  these  reactions  to  be  increased 
and  to  hasten  precipitation  in  cold  water.  This 
consists  in  bubbling  through  the  sediment  in  the 
water  to  be  purified  after  the  addition  of  the 
reagents.    Under  the  influence  of  the  large  quantity 
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of  old  residues,  the  size  of  the  particles  that  are 
formed  increases;  the  small  particles  that  conic  into 
existence  arc  attracted  by  the  larger  ones  that  have 
already  formed  which  absorb  them,  and  this  pre- 
cipitate, which  consists  of  much  coarser  material, 
settles  very  much  more  rapidly.  Owing;  to  the 
increased  speed  of  settling,  the  reagent  quickly 
becomes  poor  in  one  of  its  constituents,  and  the 
equilibrium  of  the  reaction  is  favourably  disturbed. 
This  process  allows  the  rate  of  purification  tc  be 
increased,  and  hence  the  dimensions  of  the 
apparatus  can  be  reduced;  but,  on  the  other  hand. 
a  difficulty  is  generally  introduced  where  agitation 
of  the  sediment  is  obtained  by  a  stream  of  water 
which  carries  air  with  it.  This  causes  a  consider- 
able increase  in  the  amount  of  oxygen  contained  in 
the  water  that  is  to  lie  purified ;  under  the  condi- 
tions met  with  in  practice  saturation  occurs  almost 
instantaneously  and  gives  rise  to  corrosion  in 
boilers. 

In  any  process  for  softening  water,  a  rise  of 
temperature  gives  the  following  advantages:  — 

(1)  Increase  of  the  speed  of  reaction.  For  the 
same  initial  concentration,  equilibrium  is  obtained. 


the  formation  of  larger  aggregations,  and  on  the 
other  hand  to  the  settlement  ot  the  particles  formed 
from  suspension  in  the  solution  in  which  the  pre- 
cipitate has  lieen  produced  till  they  reach  the 
bottom  of  the  containing  vessel.  The  coefficient  of 
viscosity  is  the  tangential  force  required  to  displace 
an  unit  area  at  unit  velocity  in  the  medium  under 
consideration.  It  will  be  seen,  therefore,  that  the 
rate  of  forming  a  granular  precipitate  depending 
on  molecular  attraction  will,  other  things  being 
equal,  lie  directly  proportional  to  the  coefficient  of 
viscosity.  The  velocity  of  falling  of  a  spherical 
particle  having  a  density  greater  than  water  will 
be  given  by  Stokes's  formula. 


D-d 
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in  which  V  is  the  velocity,  D  the  density  of  the 
particle,  d  the  density  of  the  water,  <j  the  accelera- 
tion due  to  gravity,  r  the  radius  of  the  particle,  and 
N  the  coefficient  of  absolute  viscosity. 

If  wc  examine  the  curve  of  coefficients  of  viscosity, 
we  shall  find  that  this  maximum  velocity  of  falling 
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Fig.  2. 
Curves    showing    rapid    decrease    of    the    coefficients    of   viscosity. 
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as  is  well  known,  more  rapidly  at  high  temperatures 
than  at  the  temperature  of  the  air.  This  follows 
from  the  laws  of  Guldberg  and  Waage,  Gibbs  and 
Le  Chatelier,  to  which  there  is  no  reason  to  refer 
further.  We  need  only  mention  that  at  the  tem- 
perature of  absolute  zero,  i.e.,  -  273°  C.  reactions 
have  no  speed  at  all,  and  that  any  rise  of  tempera- 
ture increases  the  speed  of  obtaining  equilibrium  in 
any  reaction.  In  the  case  of  the  reactions  with 
which  we  are  concerned,  and  which  are  of  the 
character  of  double  decomposition,  equilibrium  is 
only  slightly  affected  by  rise  of  temperature,  but 
the  speed  at  which  it  is  obtained  is  enormously 
increased. 

(2)  Diminution  of  the  viscosity  of  the  water.  The 
coefficients  of  viscosity  decrease  very  rapidly,  as  is 
shown  by  the  following  curve.  Fig.  2. 

Viscosity  is  the  chief  resistance  which  is  opposed 
on  the  one  hand  to  molecular  attraction  of  the 
particles  of  the  precipitate  towards  each  other  in 


will,  under  some  conditions,  be  four  times  as  great 
at  100°  C.  as  it  is  at  12'5°  C.  "We  may  therefore 
deduce  that  the  deposition  of  a  sediment  will  be 
four  times  more  rapid  with  water  at  boiling  point, 
and  that  the  volume  of  the  purifier  may  be  reduced 
in  the  same  proportion. 

(3)  Decomposition  of  the  Bicarbonates  of  the 
Alkaline  Earths.— The  direct  effect  of  temperature 
on  bicarbonates  of  the  alkaline  earths  is  to  decom- 
pose them  at  70°  C.  into  carbonic  acid  gas  and  the 
carbonates  of  the  alkaline  earths,  without  the 
addition  of  any  reagent. 

(4)  The  Diminution  in  the  Solubility  of  Sulphate 
of  Calcium.— Sulphate  of  calcium  becomes  reduced 
at  higher  temperatures,  and  the  precipitation  of 
part  of  this  salt  is  effected  without  the  intervention 
of  chemical  reagents.  This  reduction  is  of  very  slight 
importance  in  the  process  using  continuous  blow- 
down,  just  as  the  increase  of  solubility  of  calcium 
carbonate  is  a  negligible  factor.     We  shall  see  later 
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why  those  facts  have  so  small  an  influence  in  the 
particular  case  under  consideration. 

Continuous  Blow-down. — -When  a  boiler,  the  feed- 
trater  for  which  is  purified  by  any  method,  has  been 
running  for  some  time,  all  the  salts  carried  in  with 
the  feed-water  are  concentrated  in  it.  These  salts 
are  only  alkaline  salts  when  the  water  has  been 
thoroughly  purified,  and  the  calcareous  sediment  of 
the  water  has  been  incompletely  purified.  In 
general,  a  definite  amount  of  calcium  carbonate 
always  remains  in  solution  in  the  water.  When  the 
concentration  produced  by  evaporation  becomes  so 
higb  that,  notwithstanding  the  rise  of  tempera- 
ture, this  carbonate  remains  insoluble,  it  is  then 
deposited  on  the  walls  of  the  boiler  and  in  the  tubes, 
terming  incrustation,  which  is  the  harder  the  more 
slowly  the  deposit  is  made.  In  boilers  generating 
steam  very  rapidly,  these  deposits  are  formed  more 
rapidly  than  in  slow  evaporation  boilers,  and  not- 
withstanding the  violent  circulation  of  the  water, 
sediment  may  accumulate  in  the  tubes.  These  sedi- 
ments give  rise  to  overheating  and  to  very  hard 
incrustation. 

To  avoid  these  difficulties,  in  actual  practice,  the 
boiler  is  blown  off,  that  is,  at  the  lowest  point  on 
the  boiler  shell,  the  water  containing  the  collected 
mud  is  drawn  off  and  turned  into  the  drain.  This 
water  is  at  the  pressure  and  temperature  of  the 
boiler,  and,  in  blowing  off,  a  large  quantity  of  heat 
is  lost.  To  be  effective,  blowing  off  must  take  place 
to  the  extent  of  a  large  actual  quantity  of  water, 
though  the  amount  is  small  in  proportion  to  the 
total  contents  of  the  boiler.  Continuous  blow-down 
allows  these  calories  to  be  saved.  Instead  of  sending 
the  blow-off  direct  into  the  drain  a  relatively  small 
quantity  is  caused  to  leave  the  boiler  continuously 
from  its  lowest  point.  This  water  cools  in  giving 
up  its  calories  to  the  feed-water  in  a  feed-water 
heater  of  ordinary  pattern;  the  mud  is  deposited  in 
a  trap  ;  it  loses  in  cooling  a  certain  proportion  of 
the  salts  which  had  been  retained  in  solution  owing 
to  the  high  temperature  of  the  liquid.  Then,  the 
salts  which  would  cause  incrustation,  mud  and 
deposit  having  been  collected  and  removed,  the 
liquid  is  mixed  with  the  feed-water  and  returns 
into  the  boiler.  It  will  thus  be  seen  that  there  is 
no  loss  of  calories  due  to  the  blow-off,  and  that 
neither  deposition  nor  scale  can  be  caused  in  the 
boiler.  There  is,  however,  another  cleansing  opera- 
tion to  perform.  It  is  the  removal  of  the  mud 
deposit  at  the  blow-off  outside  the  boiler.  This 
removal  is  only  of  small  magnitude,  because  the 
apparatus  in  which  precipitation  takes  place  has  a 
conical  bottom  suited  to  this  purpose ;  and,  further, 
the  water  in  it  is  not  under  pressure;  it  removes 
only  a  few  calories  because  the  blow-off  water  is  at 
this  moment  already  considerably  cooled.  This 
small  amount  of  extraction  at  low  temperature 
completely  suffices  to  limit  the  concentration  of  the 
soluble  salts  before  danger  from  the  raising  of  the 
boiling  point  of  the  water  commences. 

If  the  boiler  has  been  blown  down  to  the  extent 
of  20%  of  its  contents  in  an  hour,  this  means  that 
its  contents  are  renewed  every  five  hours.  This  is 
impossible  to  effect  by  any  other  process,  and  it 
ensures  the  elimination  of  all  mud  that  has  been 
produced  before  it  has  had  time  to  accumulate. 
This  shows  the  great  advantage  presented  by  the 
process  of  continuous  blowing-down  in  itself,  this 
advantage  being  twofold  when  the  feed-water  is 
purified  by  means  of  soda;  in  fact,  in  this  case,  the 
calcareous  and  magnesium  bicarbonates  contained 
in  the  water  give,  by  double  decomposition  with 
sodium  carbonate,  sodium  bicarbonate  and  cal- 
careous carbonates  according  to  the  reaction:  — 

(C03)2CaH2+C03Na2  =  2C03NaH+C03Ca. 

The  bicarbonate,  which  is  unstable  at  the  tempera- 
ture at  which  the  purification  in  hot  water  takes 
place,  decomposes,  at  any  rate  partially,  giving  a 


neutral  carbonate  and  carbonic  acid  gas,  according 
to  the  equation 

2C03NaH=C02+H20+C03Na2. 

The  water  which  enters  the  boiler  contains,  there- 
fore, carbonate  and  bicarbonate  of  soda.  These 
salts  are  in  quantities  equivalent  to  the  calcareous 
salts  that  have  been  eliminated.  In  the  boiler  the 
bicarbonate  is  decomposed,  giving  a  carbonate,  as 
has  been  seen  above,  and  then  the  carbonate  in  its 
turn  is  dissociated  in  the  presence  of  water,  giving 
caustic  soda.  There  is  thus  another  reversible  con- 
dition of  equilibrium  in  functions  of  the  initial  con- 
centration on  the  one  hand  and  of  the  temperature 
on  the  other.  This  may  be  represented  in  the 
following  form:  — 

C03Na2-rH:.0  =  2NaOH-rC02. 

Thus  hydrolysis  gives  more  caustic  soda,  the 
higher  the  temperature. 

With  continuous  blowing-down,  water  containing 
caustic  soda  and  carbonate  of  soda  is  therefore 
drawn  from  the  boiler.  If  this  solution  be  mixed 
with  untreated  water,  the  caustic  soda  and  the 
carhonate  they  contain  will  purify  the  water ;  the 
carbonate  in  the  same  manner  as  previously 
mentioned,  and  the  caustic  soda  in  the  following 
manner  :  — ■ 

(C03)2CaH2-|-2NaOH=C03Na2+2H20  +  C03Ca. 

The  caustic  soda  reacts  on  the  calcium  bicarbon- 
ate as  would  calcium  oxide,  but  much  more  rapidly. 
New  products  will  then  be  formed,  namely,  sodium 
carbonate  and  bicarbonate,  which  will  be  returned 
to  the  boiler. 

If  the  quantity  of  blowing-down  is  calculated  in 
such  a  manner  that  it  brings  down  the  quantity 
of  soda  necessary  in  a  given  time  for  the  purifica- 
tion of  the  water  entering  the  boiler  in  the  same 
time,  it  will  be  seen  that  it  will  not  be  necessary  to 
add  any  carbonate  of  soda  for  purification  of  the 
temporary  hardness  of  the  water.  A  closed  circuit 
will  be  formed  containing  a  certain  quantity  of 
soda,  which  will  never  be  exceeded.  The  soda  is 
never  concentrated  in  the  boiler,  because  no  fresh 
soda  is  introduced.  The  concentration  in  the  boiler 
depends  on  the  proportion  of  blow-down  in  relation 
to  the  feed-water.  The  less  the  quantity  of  blow- 
down,  the  greater  will  the  concentration  become, 
so  that  the  same  quantity  of  salt  will  be  contained 
in  a  smaller  volume. 

It  is  therefore  of  the  greatest  importance  to 
combine  purification  by  soda  with  the  continuous 
blow-down.  This  allows  of  more  economical  use  of 
the  chemical  reagents  necessary  for  freeing  the 
water  from  the  bicarbonates  of  the  alkaline  earths. 
Consequently,  owing  to  the  circulation  of  the  blow- 
down  through  the  purifier,  there  is  a  blowing 
through  the  deposit  favourable  to  drawing-off  and 
purification  at  high  temperature  by  using  the 
calories  that  would  be  thrown  away  in  the  drain 
under  ordinary  methods  of  blowing-off.  The  con- 
centration of  the  soda  in  the  boiler  is  limited,  and 
neither  deposit  nor  incrustation  can  be  produced. 
The  consumption  of  soda  is  reduced  to  that  neces- 
sary for  the  decomposition  of  non-carbonates.  The 
author  has  devised  the  following  apparatus,  using 
a  blow-down  on  the  preceding  principle,  Fig.  3. 

This  apparatus  consists  of  a  steam  separator,  S, 
into  which  the  blow-down  enters  in  the  form  of  a 
mixture  of  steam  and  water.  The  liquid  from  the 
blow-down  falls  into  a  central  reservoir,  P,  in  which 
it  gives  up  its  heat  to  the  water  surrounding  it  in 
the  annular  chamber,  B,  into  which  it  is  decanted. 

The  steam  from  the  blow-down  rises  in  the 
reheater,  R,  in  which  it  reheats  the  feed-water, 
which  loses  a  part  of  its  bicarbonate,  owing  to  the 
rise  of  temperature.  The  water  thus  heated  falls 
through  the  tube,  T,  and  mixes  with  the  blow-down 
as  it  leaves  the  central  chamber,  and  then  rises  in 
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the  annular  chamber,  B,  in  which  precipitation  and 

M'ttl. 'incut  take  place.  Reheated  by  admixture  with 
the  blow-down,  as  well  as  by  exchange  of  heat  with 
the  central  vessel,  the  purified  water  passes  through 
the  filter  and  enters  the  boiler.  The  soda  is  distri- 
buted in  the  apparatus  by  means  of  a  water-meter, 
.),  which  admits  it  in  proportion  to  the  new  water 
(make-up  feed).  The  valves,  V  and  Vi,  allow  the  mud 
to  be  separated.  This  apparatus  enables  the 
thermal  and  chemical  properties  of  the  blow-down 


by  Bounding  a  whistle.    In  any  case  it  is  impossible 

to  empty   the   boiler  by   the  continuous   blow-down, 
Pig.  4.  " 

On  the  pipe  of  the  continuous  blow-down  and  the 
outlet  from  the  boiler,  a  reducing  valve  is  placed, 
which  reduces  the  pressure  of  the  blow-down  from 
that  of  the  boiler  to  a  pressure  of  between  one  and 
two  kilogrammes  per  square  centimetre  (15  to  .'50  lb. 
per  sq.  in.)  before  it  enters  the  purifier.  In  order  to 
allow  of  the  amount  of  the  blow-down  being  regular, 
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Fio.  3. 

Blow-doum  apparatus  enabling  the  thermal  and  chemical 
properties  to  be  saved.     (Kestner.) 

to  be  utilised,  or,  in  other  words,  heat  and  chemicals 
are  saved. 

Position  of  the  Blow-down. — It  is  necessary  to 
arrange  the  blow-down  at  the  lowest  possible  level 
on  the  boiler  without  risk  of  emptying  it.  A  simple 
arrangement  is  recommended  by  which,  when  the 
water  of  the  boiler  falls  below  a  certain  level,  the 
siphon  action  of  the  blow-off  is  destroyed.  At  this 
moment  steam  leaves  by  the  inlet  and  calls  attention 


Fig.  4. 

Continuous  blow-doum. 

a  meter  is  placed  at  the  outlet  of  the  boiler  and  is 
fitted  with  a  regulating  valve,  Figs.  5  and  6. 

Proportions  of  the  Blow-down. — The  proportions 
of  the  blow-down  are  calculated  according  to  the 
temperature  to  be  maintained  in  the  purifier.  It 
is  always  desirable  that  the  temperature  at  which 
purification  is  effected  should  not  be  less  than  70°  C. 
According  to  the  working  pressure   of  the  boiler, 
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various  rates  of  blow-down  may  he  used,  and  these 
can  be  obtained  by  the  curves,  Fig.  7. 

The  temperature  at  which  the  water  leaves  the 
purifier,  although  very  nearly  100°  C,  allows  the 
use  of  an  economiser,  as  has  been  shown  by  recent 
researches  in  France. 


Fig.  5. 
Regulating    valve. 

Central  Stations  Using  Distilled  Water. — It  has 
just  been  shown  how  the  system  of  continuous  blow- 
down  can  be  applied  to  a  boiler  using  purified  water. 
A  case  offering  still  greater  interest  is  that  of 
central  stations  using  distilled  water. 

The  distilled  water  of  industrial  appliances  differs 
greatly  from  the  distilled  water  of  the  laboratory. 
In  these  appliances,  it  is  necessary  to  blow  down 
the  boilers  as  a  concentration  of  the  boiler  contents 
arises,  due  to  the  entry  of  salts  through  accidental 
leakages  of  impure  water  in  the  condensing  plant ; 
thus  the  water  that  has  been  distilled  contains 
numerous  soluble  salts,  present  in  smaller  propor- 
tions than  in  purified  water,  but  by  no  means 
negligible.  The  following  relationship  is  found  to 
exist  between  the  water  in  the  boiler  and  the  water 
of  distillation  :  — 


Total  solids  at  110°  C.  in  parts 

per  1,000,000 

Total  solids  at  400=  C.  in  parts 

per  1,000,000 

Organic  substances  in  parts  per 

1,000,000  

SUico  SiO,  in  parts  per  1,000,000 
Oxides  of  iron  and  alumina  in 

parts  per  1,000.000      .. 
Lime  CaO  in  parts  per  1,000,000 
Magnesia  MgO    ,,     ,,  „ 

Chlorine  ,,    ,,  „ 

.Sulphates  SOj     ,,    ,,  ,, 

Hardness  ,.    ,,  „ 
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Even  when  an  evaporator  is  used,  the  continuous 
blowing-down  method  can  be  adopted.  A  certain 
amount  of  saline  or  impure  water  can  be  drawn 
from  the  boilers  and  passed  into  the  evaporator; 
this  latter  returns  it  to  the  boiler  after  it  has  been 
freed  of  the  greater  portion  of  its  salts.  It  will  be 
seen  later  how  the  simultaneous  use  of  continuous 
blowing-down,  in  conjunction  with  degassing,  allows 
of  the  establishment  of  a  complete  closed  water 
circuit  in   a  central  station  using  distilled  water. 

Experience  has  shown  that  boilers  fed  with  dis- 
tilled water  as  well  as  those  fed  with  purified  water 
are  liable  to  deterioration  due  to  corrosion  of  the 
plates.  The  interior  of  the  boiler,  which  is  smooth 
and  clean  when  put  to  work,  becomes  covered  in 
places  with  a  thin  coating  of  rust;  the  small  patch 
of  rust  increases  in  size  little  by  little ;  the  rust 
forms  a  scale  of  somewhat  spongy  nature,  and  when 
the  boiler  is  put  off  work,  or  frequently  even  while 


In  boilers  using  distilled  water,  this  water  in 
time  becomes  a  fairly  concentrated  liquid.  Organic 
matter — oils  and  grease  particularly — is  present  in 
considerable  quantity,  and  of  these  only  a  small 
quantity  is  necessary  to  produce  priming.  It  is, 
therefore,  necessary  to  avoid  this  concentration, 
and  continuous  blowing-down  is  consequently 
applicable  in  this  case  also. 

Boilers  working  with  distilled  water  therefore 
require  to  be  blown  down  occasionally,  but;  owing 
to  the  small  amount  of  salt  that  they  contain,  it  is 
useless  to  remove  a  large  quantity  of  liquid.  These 
boilers  are  consequently  blown-down  to  the  extent 
of  1  or  2%  only,  which  means  that  the  quantity  of 
saline  solution  is  replaced  in  the  boiler  by  distilled 
water.  By  this  method  the  increase  in  the  quantity 
of  dissolved  matter  is  necessarily  limited.  It  could 
not,  for  example,  exceed  fifty  times  the  concentra- 
tion of  the  distilled  water  taken  from  the  condenser, 
in  the  case  of  a  boiler  blown  down  to  the  extent  of 
2%.  In  the  case  quoted  above,  this  corresponds  to 
a  dry  residue  of  1"3  grm.  per  litre,  which  is  certainly 
not  negligible.  The  water  blown  down  is  of  no 
special  interest  so  far  as  its  chemical  composition  is 
concerned ;  but  it  is  hot  water  which  enters  the 
distilling  apparatus  without  loss  of  its  calories. 
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Fig.  6. 

Flow   indicator. 

it  is  still  at  work,  for  various  reasons  this  scale 
ceases  to  adhere  to  the  plate  and  falls  from  it.  In 
its  place  there  is  formed  a  slight  depression,  caused 
by  the  disappearance  of  the  metal  which  has  entered 
into  combination  in  forming  rust ;  the  depression 
becomes  again  rusty,  and  eats  further  into  the  plate 
by  repetition  of  the  process.  Some  boilers,  after 
having  been  a  certain  time  at  work,  have  their 
plates  pitted  all  over  so  that  they  recall  the  battered 
and  dented  walls  of  a  village  that  has  been  under 
fire  during  the  war.  The  strength  of  the  boiler  is 
undermined,  and  it  becomes  necessary  to  renew  the 
damaged  plates,  or  even  the  whole  boiler. 

Although  the  commencement  of  corrosion  does  not 
always  become  visible,  it  is  nevertheless  the  cause 
of  serious  damage  to  boilers  and  shortens  their  life. 
Owing  to  the  high  first  cost  of  a  boiler,  an  important 
economy  is  effected  by  extending  its  working  life 
by  one  or  more  years.  This  can  be  done  by  prevent- 
ing corrosion. 
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Temp,  of  mixed  blow-down  and  make-up  water. 

Fig.  7. 
Curve  showing  temperature  of  water  leaving  heater  settler, 


( Water  purification.) 


The  Causes  of  Corrosion. — What  is  the  origin  of 
corrosion  ?  In  the  case  of  boilers  using  distilled 
water  there  can  be  no  doubt.  Oxidation  of  the 
plate  can  only  be  produced  by  oxygen  dissolved  in 
the  feed-water  and  set  free  in  the  boiler.  When  the 
rate  of  evaporation  is  steady  and  the  boiler  is  in 


regular  work,  the  dissolved  air  is  released  at  those 
portions  of  the  boiler  in  which  the  water  has  not 
reached  the  boiling  point,  or  where  the  circulation 
is  sluggish.  At  these  places  bubbles  are  formed 
which  cling  to  the  surface,  and  leave  their  oxygen 
in   combination    in    the    form    of    rust.      There    is 
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Relation  between  corrosive  power  and  concentration  for  a   number  of  solutions* 
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also  the  freeing  of  air-bubbles  at  the  water  level 
when  the  rate  of  evaporation  is  reduced.  It  is  well 
known  that  intermittent  working  is  the  most  des- 
tructive cause  of  all. 

The  combination  that  takes  place  between  the 
oxygen  and  the  iron  can  l>e  explained  in  several 
ways,  as  may  be  seen  by  reference  to  the  work  of 
Newton  Friend.*  The  usually  accepted  theory  is 
that  oxygen,  in  the  presence  of  water  vapour, 
combines  dire  tly  with  iron  according  to  the  follow- 
ing reaction  :  — 

:,IY+3H20-r30  =  2Fe(OH)3. 

Treadwell's  theory,  according  to  which  carbonic 
gas  acts  as  catalyser.  is  also  interesting,  and  leads 
to  the  same  result:  — 

Fe  +  CO,  +  H,0  =  C03Fe  +  H  , 
2C03Fe  +  3H20  +  0  =  2Fe(HO)3+2CO> 

It  is,  however,  to  be  noted  that  even  when  there 
is  no  carbonic  acid  gas,  so  far  as  our  methods  permit 
its  presence  to  be  detected,  rusting  occurs.  This  is 
disputed  by  some  authorities,  but  whatever  the 
actual  process,  it  cannot  be  denied  that  oxygen  is 
the  cause  of  rust.  Numerous  electrical  theories 
have  been  proposed  to  explain  the  oxidation  of 
iron.  These  are  not,  however,  applicable  to  the 
case  of  boilers  using  distilled  water,  where  electro- 
lytic action  is  minute  and  the  weakness  of  the  saline 
solution  in  the  boilers  is  unfavourable  to  the  pro- 
duction of  local  currents. 

All  these  theories,  taken  individually,  appear 
very  plausible  and  might  form  the  subject  of  a 
lengthy  chemical  investigation,  into  which  it  is  not 
proposed  to  enter,  as  it  is  of  academic  interest  only. 

If  the  action  of  oxygen  is  obvious  and  well  known 
in  boilers  using  distilled  water,  it  is  not  so  clear  in 
the  case  of  boilers  using  purified  water,  or  it  may 
be  considered  less  important  on  the  ground  that  the 
concentration  of  salts,  obtained  under  this  system  of 
working,  forms  the  principal  factor  in  the  eating 
away  of  the  plates.  This  erroneous  view  depends 
generally  on  an  incomplete  appreciation  of  the 
facts :  it  has,  moreover,  been  proved  that  although 
highly  concentrated  solutions  attack  the  gun-metal 
fittings  more  severely,  their  action  on  iron  is 
greatly  reduced. 

If  we  examine  the  corrosive  effect  of  saline  solu- 
tions, we  find  that  in  general  it  begins  by  increasing 
in  proportion  to  the  strength  of  concentration  up 
to  a  critical  point  at  which  it  attains  a  maximum  : 
the  effect  then  decreases  rapidly  as  the  concentra- 
tion proceeds.  The  diagram,  Fig.  8,  shows  the 
relation  between  corrosive  power  and  concentration 
for  a  number  of  solutions.  From  these  curves  it 
appears  that  there  is  a  certain  critical  concentration 
which  must  be  exceeded  in  working  boilers.  In 
practice,  after  a  few  hours'  work,  a  boiler  using 
purified  water  will  have  already  attained  a  concen- 
tration fully  one  hundred  times  the  critical  amount. 
Concentrated  solutions  may,  therefore,  give  rise  to 
a  higher  boiling  point,  to  priming,  and  to  the 
deposition  of  crystals,  but  corrosion  must  not  be 
included  in  the  list. 

Electrical  action  may  have  some  influence  on  the 
preceding.  In  fact,  stray  currents  may  find  suitable 
conductivity  in  the  salt  solutions,  but  boilers  are 
not  made  of  a  single  piece  of  plate,  and  the  inter- 
ruptions caused  by  the  joints  tend  to  localise  the 
effects  of  the  current.  Moreover,  it  appears 
probable  that  if  currents  of  sufficiently  high  voltage 
existed,  they  would  soon  cause  serious  damage,  the 
only  remedy  for  which  would  be  the  adoption  of 
insulation  of  the  boiler.  Generally  the  boiler  seat- 
ings  are  very  dry  and  offer  no  facility  for  the 
passage  of  electric  currents.  It  may  happen  that 
galvanic    pairs   are    formed   between    parts   of   the 
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boiler  which  differ  in  chemical  composition  or 
physical  nature,  hut  these  pairs  are  generally  of 
hut  feeble  strength  and  their  electrolytic  effect 
would  be  slight  and  confined  to  small  areas. 

There  is  still  the  question  of  electrolytic  dissocia- 
tion. This  occurs  much  more  easily  in  a  dilute  than 
in  a  COD  eutrated  solution,  which  confirms  the 
previous  statement  ;  in  general  it  is  of  much  less 
importance  than  the  phenomena  to  which  corrosion 
is  attributed.  Hydrolysis  may  have  much  more 
important  effects.  A  particularly  important 
and  the  best  known,  is  that  of  magnesium  chloride, 
which  gives  rise  to  the  production  of  hydrochloric 
acid,  and  is  liable  to  cause  indefinite  corrosion. 
Magnesium  chloride  in  the  presence  of  water  may 
be  decomposed  into  magnesia  and  hydrochloric  acid, 
which  attacks  the  plates  vigorouslv. 

MgCI2-H20  =  MgO-f-2HCl. 

Fortunately  this  salt  only  occurs  occasionally,  and 
is  sufficiently  well  known  for  special  care  to  be  taken 
where  the  feed-water  contains  magnesium  chloride. 
Acids  attack  the  plates,  but,  apart  from  the  case 
just  mentioned,  the  only  acid  found  in  boilers  is  the 
carbonic  acid  introduced  in  the  feed-water. 
Carbonic  acid  alone  has  only  feeble  action  on  iron; 
in  the  laboratory  a  cold  concentrated  solution  of 
the  gas  produces  only  a  few  bubbles  of  hydrogen 
on  a  piece  of  iron  immersed  in  the  solution.  If, 
however,  oxygen  is  present,  the  metal  is  attacked 
much  more  rapidly,  because  the  ferrous  carbonate 
formed  decomposes  into  rust  and  carbonic  acid, 
which  recommences  the  action.  In  this  case  also  it 
is  oxygen  that  produces  the  corrosion. 

Oxygen  comes  into  play  still  further  when  the 
water  contains  salts  capable  of  combining  with 
oxygen  and  forming  unstable  oxygen-compounds 
which  can  part  with  their  oxygen  to  form  other 
oxides.  Among  these  salts  some,  particularly 
certain  oxychlorides,  are  known  and  have  been  sepa- 
rated ;  but  the  hypothesis,  that  certain  oxy-salts 
that  have  not  yet  been  separated  may  be  present, 
affords  an  explanation  of  the  rapid  eating  away  of 
iron  by  sodium  chloride  in  the  presence  of  air, 
whereas  solutions  of  the  same  strength,  absolutely 
free  from  oxygen,  can  be  kept  in  contact  with  the 
metal  without  effecting  any  change  whatever. 

Thus  it  appears  that  it  is  the  solution  of  atmo- 
spheric oxygen  in  water  that  is  the  chief  cause  of 
corrosion,  whether  the  feed  is  distilled  water  or 
purified  water.  This  is  supported  by  the  fact  that 
corrosion  is  often  more  serious  in  boilers  using 
distilled  water,  in  which  dissolved  oxygen  can  be 
the  only  agent,  than  in  boilers  using  purified  water. 

The  remedy  therefore  appears  to  be  very  simple, 
namely,  the  elimination  of  the  dissolved  oxygen. 

Oxygen  in  solution  in  the  feed.  Atmospheric  air 
(and  therefore  the  oxygen  that  it  contains)  dissolves 
in  water  almost  instantaneously  up  to  the  point  of 
saturation  for  the  particular  temperature  and 
pressure.  The  solubility  of  air  in  water  is  propor- 
tional to  the  pressure,  and  inversely  proportional 
to  the  temperature;  it  follows  Henry's  law,  which, 
though  approximate,  is  very  nearly  true  for  the 
case  of  air  mixed  with  a  gas  that  is  not  very  soluble 
in  water.  Each  of  these  gases  dissolves  in  propor- 
tion to  its  share  in  the  pressure,  as  though  alone; 
thus  air  contains  four  volumes  of  nitrogen  to  one 
volume  of  oxygen  ;  the  share  due  to  the  nitrogen  is 
0'8  and  that  due  to  the  oxygen  is  0'2. 

At   ordinary  temperatures  and   pressures  18  cm3 

of  pure  nitrogen  and  35  cm3  of  pure  oxygen  form 

saturated    solutions    with    1    litre   of   water.      The 

quantities  of  each  dissolved  from  air  are  therefore: 

Nitrogen:   0-8xl8  =  14'4em3. 

Oxygen:       0'2  x  35  =  70  em3. 

The  air  dissolved  in  water  will  therefore  contain, 
roughly,  33  per  cent,  of  oxygen,  and  be  twice  as 
rich   in   this  gas  as   atmospheric  air.      Laboratory 
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lists  have  shown  thai  the  quantity  of  oxygen 
dissolved  in  water  varies  slightly  with  the  nature  of 

the  water;  distilled  water  absorbs  more  than  fresh 
water,  and  suit  water  incite  than  hard  water.  Dis- 
tilled  water   absorbs   7-8   ems   per   litre   at   20°   ('., 


tinuously.  Air  is  only  driven  off  continuously  when 
the  water  is  agitated  incessantly  from  the  com- 
mencement.    When   water  that   has  been   boiled    \i 

nulled,    the    inverse    takes    place;    a    litre    of    water 

absorbs,  for  instance,  2*8  cm8  at  14°  ('.  and  3  cm'  at 
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21  cm3  at  100°  C.  The  water  supply  of  Paris  con- 
tains 6-06  em3  per  litre  at  20°  C,  43  at  55°  C.  and 
2  cm3  at  100°  C. 

"When  water  is  heated,  supersaturation  occurs. 
Nothing  is  given  off  up  to  a  temperature  of  75°  C. 
at  which  bubbles  begin  to  form  and  rise  until  boiling 
takes  place,  when  the  bubbles  are  disengaged  con- 


20°  C.  If  the  water  is  agitated  in  air  the  water  is 
agitated  in  air  the  false  state  of  equilibrium  is 
distributed,  and  the  water  becomes  saturated  up  to 
6  cm3  of  oxygen.  Fig.  9.  The  straight  line  is  the 
normal  solubility  obtained  when  the  water  is  con- 
tinuously agitated,  and  the  curved  line  gives 
the  contents  at  different  temperatures  without 
agitation. 

Thus  conditions  of  unstable  equilibrium  may  occur 
which  cannot  exist  when  the  liquid  is  agitated,  and 
in  every  case  equilibrium  is  obtained  for  the  par- 
ticular temperature  and  pressure  considered.  If 
water  is  contained  in  a  deep  vessel,  a  sample  taken 
at  any  moment  from  the  surface  contains  the  same 
percentage  of  gases  as  a  sample  taken  from  below; 
the  diffusion  of  oxygen  in  water  is  extremely  rapid. 
The  area  of  the  surface  exposed  to  the  air  of  water 
that  has  been  boiled  has  an  influence  on  the  rate  of 
absorption.  Thus  the  water  resulting  from  the 
condensation  of  the  vapour  in  the  air  contains  4  cm3 
of  oxygen  per  litre  at  60°  C.  The  same  quantity  of 
water  or  condensation  exposing  only  a  small  surface 
to  the  air  contains  only  3  cm3  of  oxygen  per  litre  at 
the  same  temperature.  According  to  Hohn,  the 
surface  affects  the  rate  of  absorption  of  the  oxygen, 
as  is  shown  in  curves  I  and  II  obtained  with  a 
surface  II  seven  times  that  of  the  surface  I, 
(Fig.  10). 

The  possibility  of  changing  the  air  also  has  an 
influence.  If  the  reservoir  is  closed,  but  not  her- 
metically, the  oxygen  is  absorbed  less  rapidly  than 
it  could  be  from  the  open  air.  in  which  case 
saturation  would  be  almost  instantaneous,  owing  to 
yie  contact  and  the  movement  of  the  water.  Hohn 
gives  the  following  curves,  Fig.  11. 

Method  of  obtaining  the  oxygen  content.  All  the 
methods  of  analysis  that  have  enabled  the  data 
given  above  to  be  obtained  and  the  determination  of 
complete  absence  of  gas  have  been  made  by  Max 
Miiller's  method  in  which  certain  modifications  have 
been  made. 

General  description.  The  water  is  collected  in  a 
vessel  protected  from  the  air.     Manganese  sulphate 
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l's  dissolved  iii  it.  and  liy  the  addition  of  sodium 
hydrate  the  hydrate  ol  manganese  monoxide  is  pre- 
cipitated: tins  absorbs  the  oxygen  contained  in  the 
water,  transforming  it  into  an  oxy-salt  and  the  di- 
oxide, This  is  treated  with  hydrochloric  acid,  which 
reacts  on  the  oxides  of  manganese,  giving  off  a 
quantity  of  chlorine  equivalent  to  the  quantitj  ol 
oxygen  absorbed.  The  freed  sodium  chloride  reacts 
on  potassium  iodide  and  sets  free  the  equivalent  of 
iodine.  Titration  by  hyposulphite  of  soda  gives  the 
quantity  of  iodine  and  enables  the  equivalent 
amount  of  oxygen  to  he  determined. 
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Method  of  operation.  It  is  important,  when  it  is 
a  question  of  determining  the  quantity  of  oxygen  in 
water  containing  but  little,  to  avoid  any  contact  of 
this  water  with  the  air.  For  this  it  is  only  neces- 
sary to  put  a  small  quantity  of  paraffin  at  the 
bottom  of  the  2-litre  flask  in  which  the  water  will 
he  received  and  to  dip  the  tube  bringing  the  water 
below  its  surface.  Thus,  during  the  whole  opera- 
tion, an  insulating  covering  will  be  provided  over 
the  surface  of  the  water. 

After  the  water  has  been  collected  in  the  flat- 
bottomed  2-litre  flask,  1  gramme  of  sulphate  of 
manganese  is  added  and  the  neck  is  immediately 
closed  with  a  rubber  stopper  fitted  with  a  funnel 
having  a  stop-cock  and  a  glass  tube  connected  by  a 
rubber  tube  to  another  glass  tube  of  larger  diameter, 
carried  on  a  stand. 

On  the  principle  of  connected  vessels,  it  is 
possible,  by  raising  or  lowering  the  tube,  to  change 
the  pressure  in  the  flask  and  to  cause  it  to  suck  in 
liquid  contained  in  the  funnel  fitted  with  the  stop- 
cock. It  is  necessary  that  there  should  be  no  air 
bubbles  in  the  apparatus,  and  this  is  easily  attained 
after  a  little  practice.  When  the  sulphate  of  man- 
ganese has  been  dissolved,  5  cm3  of  sodium  hydrate 
in  solution  is  introduced  through  the  funnel  of  the 
stop-cock  and  the  flask  is  shaken.  A  dirty  white 
precipitate  is  formed,  turning  more  or  less  yellow, 
according  to  the  quantity  of  oxygen  contained  in 
the  water.  At  the  end  of  a  quarter  of  an  hour  the 
absorption  of  oxygen  is  complete. 


I  he  next  operation  is  to  introduce  2  cm3  of  solu- 
tion ol  .,<!  per  ,vnt.  of  iodide  of  potassium  free  from 
lodate  through  the  funnel  fitted  with  the  stop-cock, 
and  then  to  add  20  cm"  of  concern  rated  hydrochloric 
acid  lhe  flask  is  shaken  until  the  precipitate  has 
dissolved;  the  liquid  takes  a  yellow  colour,  darker 
as  the  quantity  of  iodine  freed  is  greater.  The  Bask 
is  then  emptied  into  a  bath  and  the  iodine  deter- 
mined by  titration. 

The  most  practical  method  consists  in  preparing 
a  standard  solution  of  iodine  containing  22'74 
grammes  per  litre;  that  is,  of  such  strength  that  a 
cubic  centimetre  corresponds  to  a  cubic  centimetre 
of  oxygen.  A  solution  of  hyposulphite  is  prepared 
of  such  strength  that  it  corresponds  practically 
volume  for  volume  with  the  solution  of  iodine.  The 
number  X  of  cubic  centimetres  of  this  solution 
corresponding  to  20  cm3  of  iodine  is  determined  ex- 
perimentally. To  the  solution  of  iodine  contained 
in  the  bath  N  cm3  of  hyposulphite  is  added,  and  then 
a  small  amount  of  starch,  and  the  iodine  is  titrated 
again^  until  a  permanent  blue  colour  is  obtained. 
Let  X  be  the  number  of  cubic  centimetres  of  iodine 
added.  The  iodine  contained  in  the  test  will  corre- 
spond to  20  N  em3  of  liquid  titrated,  and  the  test 
will  consequently  contain  20-X  cm3  of  oxygen. 

The  method  is  simple,  rapid  and  exact.  It  is 
delicate  in  application  in  the  case  in  which  the  water 
contains  traces  only  of  oxygen,  on  account  of  the 
avidity  of  hydrate  of  manganese,  which  absorbs 
instantaneously  the  oxygen  of  any  bubble  of  air 
coming  into  contact  with  the  water."  It  is  necessary 
to  ascertain  that  all  the  reagents  are  pure,  and 
particularly  to  make  a  blank  test  of  the  hydrochloric 
acid  on  iodide  of  potassium. 

Removal  of  the  gases.  The  elimination  of  the 
oxygen  dissolved  in  water  may  be  effected  either  by 
physical  methods,  or  by  chemical  methods,  or  by  the 
two  combined.  The  principal  physical  methods  to 
be  mentioned  are  :  agitation  of  the  water;  the  action 
of  temperature;  and  the  action  of  vacuum.  These 
three  methods  may  be  used  either  separately,  or  in 
the  majority  of  cases  in  combination,  in  order  to 
obtain  the  elimination  of  the  gases  from  the  water. 
Of  the  chemical  methods  the  only  one  to  be  con- 
sidered is  the  action  of  highly  oxidisable  iron,  which 
absorbs  the  oxygen  from  the  water  before  entering 
the  boiler. 

Removal  of  the  gases  by  physical  methods.  Agita- 
tion of  the  water  is  used  in  various  appliances  in  the 
form  of  fine  spraying  or  circulation  through 
channels  of  varying  section,  or  again  by  the  action 
of  points  and  roughnesses  on  the  current  of  water. 
These  can  only  have  the  effect  of  preventing  super- 
saturation  at  the  particular  temperature  and 
pressure.  Consequently  they  can  have  no  effect 
beyond  that  of  the  action  of  temperature  com- 
bined with  a  vacuum.  Raising  the  temperature 
diminishes  the  solubility  of  the  gases.  But  even  if 
the  temperature  of  the  water  is  raised  to  100°  C, 
the  solubility  cannot  be  neglected ;  solutions  con- 
taining about  2  cm3  per  litre  can  be  obtained  at 
atmospheric  pressure.  The  operation  of  heating, 
however,  produces  by  itself  a  great  improvement  in 
the  condition  of  the  water  entering  the  boiler,  for 
there  is  no  longer  such  a  large  release  of  air  when 
the  feed-water  comes  into  contact  with  the  water  at 
a  higher  temperature  in  the  boiler. 

A  vacuum  would  give  better  results  still  if  it  could 
be  carried  out  at  a  very  high  temperature,  the  solu- 
bility of  air  being  proportional  to  the  pressure, 
according  to  Henry's  law,  as  has  been  already 
stated.  But  the  vacuum,  particularly  when  the 
water  is  hot  and  attains  80°  C,  cannot  he  very 
high,  for  otherwise  the  water  would  boil.  At  80°  C. 
it  is  not  possible  to  fall  below  about  0'5  atmosphere, 
and  at  60°  C.  more  than  0'8  atmosphere. 

If  the  three  methods  mentioned  are  used  in  com- 
bination, that  is  to  say,  if  the  water  is  submitted 
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to  the  combined  action  of  temperature  and  a 
vacuum,  and  supersaturation  is  prevented  by 
mechanical  action,  the  results  shown  in  the  follow- 
ing diagram  will  he  obtained,  Fig.  12. 

This  curve  has  been  prepared  and  published  by  a 
large  German  company  making  an  apparatus,  which 
uses  the  three  methods  simultaneously.  It  appears 
to  be,  if  examined  carefully,  favourable  to  the  use 
of  these  methods.  Notwithstanding  this,  the  firm  is 
obliged  to  state:  "There  are  still  some  milli- 
grammes of  oxygon  that  cannot  be  removed  by  a 
very  high  vacuum  and  by  reheating  the  feed-water, 
but  they  have  no  aggressive  action;  the  danger 
arises  alone  from  a  rich  supply  of  oxygen." 

The  action  of  iron  on  dissolved  air  in  the  feed- 
water  enables  even  the  last  traces  of  oxygen  to  be 
removed  and  water  to  be  obtained  absolutely  free 
from  oxygen.  This  proves  that  even  the  "last 
milligrammes  "    of  oxygen   are  capable   of  causing 


(.1)  Thermal  and  mechanical  removal  of  gases. — 
All  feed  reheaters  open  to  the  air  produce  a  removal 
of  gases  in  so  far  as  they  diminish  the  solubility  of 
air  in  water.  Those  in  which  the  water  flows  ill 
contact  with  steam  ill  reservoirs  that  arc  not  tight 
are  those  which  best  perform  the  operation  of  the 
removal  of  gift's  by  heat  alone.  Those  that  reheat 
the  water  in  closed  receptacles,  e.g.,  in  tubular 
ri  onomisers,  remove  the  gases  to  a  great  extent 
from  the  water,  but  introduce  gases  into  the  boiler 
when  it  becomes  necessary  that  the  gases  that  have 
been  removed  are  allowed  to  escape.  Among  these 
appliances  those  most  in  use  are  superheaters  by 
Cochrane  and  Webster,  and  Weir,  etc. 

The  apparatus  of  Chevalet,  by  its  construction  as 
a  superheater  with  plate  surfaces,  differs  slightly 
from  the  preceding  appliances,  and  in  this  the  steam 
bubbles  through  the  water.  All  the  "  heating 
nozzles  "  of  apparatus  in  which  water  is  subjected  to 


Vacuum,   per  cent. 

Fig.  12. 
Absorption  of  oxygen  in  water  at  different  temperatures  and  vacua. 
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rust  and  corrosion.  Nevertheless,  the  physical 
operation  of  removing  gases  gives  very  satisfactory 
results,  because  it  diminishes  the  percentage  of 
oxygen  in  the  feed-water  and  slows  down  the 
corrosion.  But  the  use  of  a  vacuum  appears  very 
difficult  in  appliances  of  large  size,  as  it  requires  a 
very  keen  supervision  at  all  points ;  and  when 
leakage  occurs,  there  is  a  churning  effect  produced 
in  the  water  by  the  entry  of  the  external  air  which, 
notwithstanding  the  decrease  of  pressure  caused  by 
the  air  temperature,  produces  the  opposite  result  to 
that  -which  is  desired.  A  leakage  of  this  kind 
is  hard  to  locate,  and  for  this  reason  it  is  always 
possible  that  such  leakages  may  exist. 

Numerous  appliances  have  been  constructed  in 
England,  America,  and  in  Germany  for  effecting 
physical  removal  of  the  gases.  The  principal  ones 
in  use  are  the  following:  — 


mechanical  action  and  to  the  action  of  heat  come 
within  this  class. 

These  appliances  are  accessories  in  the  operation 
of  removing  the  gases ;  there  is  one  which  can  lay 
claim  to  the  production  of  a  better  result,  and  that 
is  the  Aerex  apparatus,  in  which  the  water  loses  its 
gases  in  being  divided  over  two  rubbing  surfaces. 
The  gases  reunite  and  are  removed  by  a  valve  when 
they  have  attained  a  sufficient  quantity. 

The  Sigemon  Schmidt  gas  remover  adopts  a  prin- 
ciple similar  to  that  of  partitions  with  baffles.  The 
two  appliances  are  placed  on  the  delivery  ;  they  have 
more  effect  when  the  water  is  hot,  but,  on  the  other 
hand,  they  suffer  some  reduction  in  their  action  in 
consequence  of  the  pressure  on  the  feed-wafer,  the 
pressure  assisting  the  solution  of  the  gases. 

To  eliminate  gases  by  heat  the  firm  of  Balke.  in 
Germany,  combines  an  arrangement  for  reheating 
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the  water  by  steam  with  extraction  of  the  gases 
evolved  in  an  appliance  in  which  tin-  water  is  subject 
to  forced  circulation;  and  the  air  removed  is  ex- 
hausted by  an  arrangement  oi  valves  at  the  top  of 
the  apparatus.  The  water  treed  From  gas  is  kept  in 
eoutact  with  a  layer  of  inert  gas  at  the  lower  pari 
of  the  apparatus.  This  somewhat  complicated  in- 
stallation does  not  appear  to  have  met  with  much 
success. 

(B)  Vacuum  appliances  fot  r<  moving  gases. — Some 
linns  have  constructed  apparatus  using  a  vacuum 
for  removing  gases  from  water.  Most  of  these  are 
schemes  of  apparatus  which  have  but  rarely  been 
developed  into  practical  shape;  such  are  the 
arrangements  of  Meihof  worked  by  Halvor  Breda 
and  the  Griesheim  Elektron  Lauta.  The  "  Deutsche 
Saiutats  Werke"  of  Frankfort  have  constructed 
apparatus  which  is  of  considerable  interest. 

The  .Meihof.  applied  at  Swinemundc,  acts  by 
passing  the  water  from  which  the  gases  are  to  be 
removed    through    a    siphon    an  angenient.       If    the 


5  metres  (16  feet)  of  water,  which  is  not  a  high 
degree  of  vacuum. 

The  apparatus  of  the  Griesheim  Elektron  Lauta  is 

of  very  simple  construction,  consisting  of  a  reser- 
voir in  winch  the  temperature  of  the  water  is  raised 

by  means  of  steam.  A  vacuum  is  created  by  the 
heated  water  and  the  gases  that  accumulate  ale 
extracted  by  means  of  a  pump. 

The  apparatus  made  by  the  Deutsche  Sanitiits 
Werke  is  largely  in  use  and  16  of  very  original 
design.  In  principle  it  consists  of  a  tube  with 
numerous  contractions,  to  the  upper  part  of  which  a 
vacuum  pump  is  attached.  At  the  base  of  this  tube, 
which  is  immersed  in  the  water  from  which  the 
gases  are  to  be  removed,  there  is  an  adjustable  air 
suction-pipe.  Doubtless  this  air  passes  over  an 
oxidisable  filter  in  order  that  the  oxygen  may  be 
removed  from  it.  As  a  result  of  the  vacuum,  the 
water  and  air  that  have  been  filtered  rise  in  this 
column  ;  there  is  a  vigorous  shaking  of  the  liquid 
due  to  the  passage  of  the  gas  and  to  the  contrac- 
tions. This  violent  movement  in  conjunction  with  the 
vacuum  causes  the  release  of  the  gases  dissolved  in 
the  water,  and  these  gases  are  drawn  into  the  upper 
part  of  the  apparatus  by  the  vacuum  pump.  It  is 
certain  that  different  conditions  prevent  a  high 
vacuum  from  being  obtained,  in  particular  the 
shaking  by  use  of  gases  and  the  height  of  the  appa- 
ratus, which  is  far  from  attaining  the  dimensions 
required  by  the  barometer.  For  this  reason  it  is 
said  "  that  there  are  still  a  few  milligrammes  of 
oxygen  remaining  in  the  water  ";  nevertheless,  this 
apparatus  certainly  removes  the  oxygen  to  a  great 
extent  from  the  water  that  has  passed  through  it, 
and  it  contains  at  its  maximum  the  percentage 
corresponding  to  saturation  at  the  pressure  obtained 
in  the  column  and  at  the  temperature  of  the  water. 
This  apparatus  appears  to  be  in  wide  use. 

Chemical  removal  of  gases. — All  chemical  methods 
of  removal  of  gases  in  actual  use  are  based  on  the 
same  principle.  They  consist  in  causing  the  water 
that  it  is  desired  to  free  from  oxygen  to  pass  over 
iron.  If  the  iron  has  a  .sufficiently  large  surface, 
if  its  chemical  composition  is  carefully  selected  in 
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Fig.  13. 
Output  of  a  filter  given  as  a  function  of  the  temperature. 


branches  of  the  siphon  are  of  sufficient  length,  a 
vacuum  is  produced  at  the  upper  part,  due  to  the 
suction  in  the  descending  branch.  This  vacuum 
causes  the  release  of  gases  dissolved  in  the  water  at 
the  top  of  the  siphon.  The  principle  is  very  simple 
and  requires  no  mechanical  arrangement:  the  water 
from  which  the  gas  has  been  removed  is  returned  to 
the  level  of  the  water  supply.  The  vacuum  obtained 
in  such  an  arrangement  is  not  very  high;  it  is 
limited  by  the  destruction  of  the  vacuum  in  the 
siphon  by  accumulation  of  gases.  When  these  gases 
are  removed,  the  vacuum  disappears;  this  removal 
is  produced  by  valves  arranged  on  the  particular 
part  of  the  siphon  operated  at  the  time  when  the 
water  returns  for  priming  the  siphon.  In  the  appa- 
ratus constructed  at  Swinemundc  for  the  removal  of 
gases,     the     maximum     vacuum     corresponded     to 


order  that  it  may  be  very  easily  oxidisable,  and, 
lastly,  if  the  water  is  circulated  sufficiently  slowly 
for  the  oxidising  action  to  be  complete,  the  chemical 
removal  of  the  gases  enables  all  the  oxygen  con- 
tained in  the  water  to  be  eliminated;  in  fact,  the 
oxygen  may  be  combined  with  iron  in  the  presence 
of  water  so  as  to  give  different  hydrates,  of  which 
the  richest  is  rust : 

2Fe +30  +  3H20  =  2Fe(OH)3. 

This  reaction  is  practically  quantitative;  it  re- 
quires more  or  less  time  according  to  the  tempera- 
ture at  which  it  takes  place,  but  it  can  always, 
whatever  be  the  temperature,  effect  a  sufficiently 
complete  removal  of  the  gases,  if  the  iron  is  largely 
in  excess  in  regard  to  the  oxygen,  so  that  nothing 
but  minute  traces  of  gases  remain  in  the  water. 
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For  the  same  quantity  of  iron  turnings,  the 
quantity  of  water  from  which  the  gases  are  removed 
is  proportional  to  the  speed  of  the  reaction,  and 
consequently  proportional  to  the  temperature.  The 
output  of  a  filter  is  given  as  a  function  of  the  tem- 
perature by  the  following  curve,  Fig.  13.  If  the 
velocity  is  caused  to  vary  m  a  given  filter,  it  will  be 
seen  that  it  cannot  yield  more  than  a  certain  limited 
quantity  if  it  is  desired  that  the  removal  of  the  gases 
should  be  efficient. 

The  output  is  also  proportional  to  the  quantity 
of  turnings  in  contact  with  the  water ;  this  quantity, 
moreover,  cannot  be  increased  indefinitely  because 
the  size  of  the  apparatus  would  require  to  be  suffi- 
ciently reduced  so  as  not  to  be  an  obstacle  to  its 
introduction  into  a  boiler  room. 

Another  factor  intervenes  in  the  working  of  these 
appliances;  it  is  the  facility  with  which  the  metal 
used  becomes  oxidised.  Practice  shows  that  very 
impure  iron  rusts  very  rapidly.  Laboratory  experi- 
ments have  enabled  the  author  to  find  a  catalytic 
agent  of  great  importance,  namely,  manganese. 
The  presence  of  manganese  hastens  the  oxidation  of 
the  metal ;  nevertheless,  if  this  action  shows  itself 
in  the  case  of  small  percentages  corresponding  to 
the  manganese  steels,  it  is  not  so  well  marked  in 
the  case  of  high  percentages.     A  metal  which  is  rich 


In  commercial  appliances,  the  following  phenome- 
non may  occur:  When  the  coating  of  rust  becomes 
very  thick,  contact  of  oxygen  with  the  iron  is  no 
longer  good,  and  the  chemical  removal  of  the  gases 
may  be  considerably  slower.  Notwithstanding  this, 
under  the  Worst  conditions,  :i  water  leaving  such 
apparatus  may  be  found  to  contain  h-s  than  n", 
cm3  of  oxygen  per  litre.  There  are  some  other 
appliances  working  on  the  same  principle  as  the 
German  degassers  constructed  by  the  firms  of  Huls- 
meyer  and  Seilfert,  and  an  American  apparatus 
due  to  Professor  W.  H.  Walker. 

The  Hulsmeyer  apparatus  consists  of  a  column 
of  iron  turnings  distributed  in  baskets  of  perforated 
sheet-iron,  which  allow  it  to  be  distributed  equally. 
This  column  of  iron  turnings  ends  in  a  filter  which 
retains  any  particles  of  iron-oxide  that  may  become 
detached.  At  the  top  of  the  apparatus  there  is 
fitted  an  automatic  float-operated  valve  for  the 
relief  of  the  gases  released  by  physical  action.  The 
water  circulates  from  the  bottom  to  the  top  of  this 
very  simple  apparatus.  The  Hulsmeyer  apparatus 
may  be  included  as  either  falling  under  the  suction 
type  or  the  pressure  type. 

The  Seiffert  apparatus  is  constructed  on  the 
same  principle,  but  comprises  a  reheater.  Starting 
with   the   fact   that   heat   encourages   physical   and 
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Fig.  14. 

Velocity  of  absorption  of  oxygen  for  degasser. 


in  manganese  is  cast-iron,  and  cast-iron  is  much  less 
oxidisable  than  steel.  The  physical  and  chemical 
composition  of  the  metal  has  therefore  a  great 
influence. 

The  catalytic  action  of  manganese  may  be  repre- 
sented by  tlie  following  curve,  the  metals  under  con- 
sideration being  very  closely  allied  in  composition 
and  physical  properties  and  differing  only  by  their 
percentage  of  manganese,  Fig.  14. 

To  sum  up.  it  is  seen  that  from  the  chemical  point 
of  view,  the  removal  of  gases  by  iron  depends :  on 
the  surface  of  the  metal,  on  the  temperature  of  the 
water,  on  the  speed  at  which  it  passes  over  the 
metal,  and.  finally,  on  the  composition  of  the  iron. 

To  obtain  a  maximum  surface  with  a  certain 
quantity  of  iron  it  must  be  used  in  a  finely  sub- 
divided form,  preferably  in  turnings.  There  is  then 
a  physical  removal  of  the  gases  at  atmospheric 
pressure,  which  reduces  the  gases  in  the  water  to 
the  point  of  saturation  for  air  at  the  temperature 
and  under  the  pressure  in  question.  This  action 
is  of  great  advantage,  and  reduces  the  amount  of 
turnings  required  to  a  considerable  extent. 


chemical  removal  of  the  gases,  Seiffert  filled  the 
tubes  with  a  tubular  superheater  filled  with  iron 
shavings.  The  apparatus  is  of  the  most  simple 
kind,  and  is,  perhaps,  very  effective,  but  the  re- 
placement of  the  iron  shavings  in  the  tube  cannot 
be  a  very  easy  matter. 

Prof.  W.  H.  Walker  proposes  an  apparatus  for 
removing  the  gases  from  hot  water,  consisting  of  a 
receptacle  filled  with  perforated  plates  one  above 
the  other.  This  apparatus  he  styles  a  "  deacti- 
vator." The  only  point  that  appears  to  have  been 
overlooked  is  the  absence  of  a  valve  for  allow- 
ing the  gases  released  in  the  apparatus  by  its 
mechanical  action  under  the  influence  of  the  circu- 
lation of  water  between  the  plates. 

To  avoid  the  slowing  of  the  oxidising  process  by 
the  rust  deposit  on  the  iron,  the  Kestner  Co.  has 
designed  an  apparatus  based  on  the  following :  If 
an  apparatus  for  removing  gases  by  means  of  iron 
is  left  with  the  iron  rusty,  it  is  found  that  after  a 
day  of  rest  the  rust,  which  was  red,  has  become 
an  oxide  of  a  greenish-black  colour.  This  trans- 
formation   is    due   to   the   reduction   of   the   ferric 
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hydrate  under  the  influence  oi  the  iron;  a  Baline 
hydrate  of  the  oxide  and  ;i  ferrous  oxide  is  obtained. 
The  following  is  the  reaction:  — 

2Fe(OH)34  Fe  +  2H20-F..  (OH).     2H. 
2Fe(OH)8+Fe=3Fe(OH)j. 

This  reaction  takes  place  in  the  middle  of  the 
reducing  agent,  that  is.  in  the  presence  of  iron  anil 
in  the  absence  of  oxygen.    The  saline  oxy-hydrate 

formed  is  easily  removed  from  the  iron  by  wash- 
ing, and,  moreover,  it  is  eapahle  ol  further  ubsorb- 
ing  oxygen  in  becoming  ferric-hydrate.  In  order 
that  the  apparatus  ior  removing  the  gases  should 
retain  its  working  speed  it  is  necessary  that  it 
should  be  put  alternately  in  and  out  of  circuit,  the 
two  appliances  in  work  retaining  the  power  of  the 
iron  for  absorption  until  the  latter  has  been  com- 
plately  oxidised.  The  Kestner  apparatus.  Fig.  15, 
is  based  upon  this  principle,  and  consists  of  a 
column  of  turnings  of  sufficient  quantity  for  half 
only  to  he  in  action,  and  to  allow  that  the  water 
shall   have   lost  these  gases  on   arriving  at  half  the 


flow  oi  the  water  can  be  inverted  at  regular  inter- 
vals. Like  the  other  filters  using  iron  turnings  it 
may  claim  completely  to  eliminate  the  oxygen  from 
the  water  with  greater  certainty.  The  consump- 
tion of  turnings  and  the  speed  of  tin1  absorption 
of  oxygen  are  approximately  regular,  and  the 
arrangement  for  allowing  strain  to  be  admitted  at 
the  base  of  the  apparatus  allows  it  to  he  cleaned 
by  blowing  steam  through  and  removing  any  rust 
which  may  become  detached  from  the  iron  on  which 
it  was  produced. 

The  consumption  of  iron  turnings  in  the 
apparatus  for  removing  gases  is  very  small:  accord- 
ing to  the  percentage  ot  oxygen  contained  in  the 
water  it  varies  from  one  to  three  grammes  per  cubic 
metre  (per  ton)  of  water,  which  reduces  the  cost 
of  the  removal  of  gases  to  a  negligible  figure.  The 
iron  consumed  in  the  gas-removing  apparatus  corre- 
sponds to  the  same  weight  of  boiler-plate  which  has 
been  saved  from  destruction,  and  the  difference  in 
first  cost  between  the  two  materials  destroyed 
tonus  a  very  great  saving. 
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Fig.   15. 

Arrangement  'if  degasser.      (Kestner). 


height.  The  second  portion  of  the  iron  being  in 
contact  with  this  deoxidising  agent,  gives  rise  to 
rapid  reduction,  its  rust  changing  to  the  condition 
of  a  suboxide.  At  the  end  of  the  day  the  direction 
of  flow  is  reversed.  The  water  then  passes  over  the 
iron,  which  ha-  become  a  suboxide,  which  is  then 
changed  to  a  peroxide,  and  arrives  free  from  gases 
on  the  surface  (rusted  the  day  before),  which  in 
turn  is  reduced.  Thus  each  half  of  the  apparatus 
works  alternately  by  inversion  of  the  direction  of 
circulation  of  the  water,  and  the  removal  of  the 
gases  becomes  continuous  and  absolutely  regular. 

The  Kestner  apparatus  consists  of  a  column  of 
iron  turnings  placed  between  two  filters,  with  an 
intake  and  outlet  for  the  water  at  each  end  of  the 
apparatus    in   such    manner   that   the    direction   of 


Whatever  may  be  the  method  employed  for  re- 
moving the  gases  it  involves  a  circuit  of  water 
closed  from  atmospheric  contact  if  it  is  to  give  a 
large  output.  The  water  which  has  been  freed 
from  gas  can  become  saturated  very  rapidly  by  air. 
It  is  therefore  advisable  that  the  tanks  in  which 
the  water  may  be  retained  should  be  as  well  enclosed 
as  possible,  and  that  on  the  whole  of  the  pips 
system  there  should  be  a  small  positive  pressure 
A  head  of  a  few  centimetres  of  water  is  sufficient 
to  prevent  the  entry  of  air  which  might  happen 
accidentally  through  bad  joints  or  accidental  cir- 
cumstances. In  such  a  pipe  system  the  only  place 
at  which  the  entry  of  air  may  be  possible  is  the 
condenser  in  which  the  vacuum  is  produced.  The 
tightness  of  the  condenser  should  therefore  be  very 
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carefully  tested.  Moreover,  to  avoid  the  effect  due 
to  any  air  entering;  bj  accident,  which  may  always 
occur,  it  is  essential  that  the  water  should  pass 
through  the  nas  remover  immediately  before  enter- 
ing the  boiler,  even  though  this  water  should  result 
from  condensation,  and  though  it  may  only  con- 
tain a  small  quantity  of  oxygen.  Iron  turnings 
are  only  consumed  according  to  the  percentage  of 
oxygen  in  the  water,  and  water  free  from  gas  does 
not  change  this;  consequently  it  does  not  necessitate 
expense  by  being  passed  through  the  degasser.  The 
degaeser  so  placed  protects  the  boiler  and  the 
economiser  from  any  attack  by  the  gases,  and  acts 
as  a  doorkeeper  to  prevent  the  entrance  of  any- 
thing undesirable. 

The  study  of  continuous  blowing-down,  on 
the  one  hand,  and  that  of  degassing  on  the  other 
hand,    have    led    to   the   conception    of   a   complete 


The  degassing  of  the  water  to  In-  purified  before 

it  passes  into  the  distilling  apparatus. 

There  should  be  no  point  on  the  circuit  of  the 
purified  water  in  common  with  any  <>n  the  circuit 
of  the  distilled  water. 

The  only  appliances  that  may  he  common  to  the 
boilers  are  the  blow-off  manifolds  and  the  steam 
mains. 

It  will  be  seen  that  the  scheme  of  this  system  of 
water  circulation  purification  and  degassing  rests 
on  a  very  broad  basis,  and  that  the  distilling 
apparatus  may  equally  well  be  an  evaporator  or  a 
boiler.     Each  lias  its  respective  advantages. 

For  a  water  circulating,  purifying  and  degassing 
plant  the  following  system  is  proposed,  Fig.  16. 

One  of  the  boilers  is  to  evaporate  the  purified 
water  coming  from  the  purifier.  It  will  supply 
steam  that  will  go  with  that  generated  by  the  other 
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Scheme  for  the   purification   of   make-up  water  by   continuous  blow-down  and  degassing  of  all  water  before  discharge  to  boilers. 
One  boiler  operates  on  puritied   make-up  water  ;    tiie  remainder  using  distilled  water  only. 

Fig.  16. 

Diagram  of  degassing,  purifying,  and  distilling  plant,  using  purified  and  distilled  water.     (Kestner). 


circulation  system  for  a  central  station  using  dis- 
tilled water.  The  main  guiding  principles  of  this 
idea  are   as  follows  :  — 

The  ability  to  use  any  one  boiler  as  a  distilling 
apparatus  and  to  feed  the  other  boilers  with  the 
water  distilled  in  this  boiler. 

The  blowing-down  of  a  large  quantity  of  water 
from  the  boiler  that  is  performing  the  function  of 
distilling;  the  blowing-off  of  only  a  small  quantity 
of  water  from  the  boilers  using  distilled  water  and 
the  conveying  into  the  distilling  boiler  of  the  water 
so  blown-down. 

The  protecting  of  the  condensed  water  from  all 
contact  with  the  air  by  means  of  a  closed  circuit ; 
the  degassing  of  the  condensed  water  before  its 
passage  through  the  economisers  and  the  boilers. 

From  the  moment  at  which  the  water  is  degassed 
the  keeping  of  it  enclosed  so  that  no  entry  of  air 
ip  possible. 


two  boilers  to  the  steam  main.  The  steam  will  pass 
through  the  turbines,  it  will  be  condensed,  and  it 
will  re-enter  the  boilers  as  distilled  water  after  it 
has  passed  through  the  degassing  apparatus. 

All  the  boilers  are  to  be  blown-down,  the  boilers 
using  distilled  water  to  the  extent  of,  say,  2£  per 
cent.,  and  that  performing  the  distillation  of  the 
water  to  the  amount  of,  say,  10  per  cent.,  and  all 
of  these  amounts  that  have  been  blown-down  are 
to  pass  collectively  through  the  purifier,  in  which 
they  will  be  subjected  to  the  same  treatment  as  the 
ordinary  "  make-up  "  feed-water,  and  the  impurity 
is  to  be  measured  by  the  testing  apparatus.  The 
purified  water  is  to  be  returned  to  the  particular 
boiler  performing  the  distilling  after  it  has  passed 
through  a  special  degassing  appliance. 

The  boiler  containing  the  water  that  is  to  be 
purified  will  thus  furnish  the  supply  to  the  boilers 
working  with  distilled  water  in  the  form  of  steam; 
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there  will  be  no  common  portion  between  the  circuit 
of  the  purified  water  and  thai  of  the  distilled  water. 
It  will  merely  be  necessary  to  provide  an  overflow 
reservoir  to  enable  any  excess  of  purified  water  bo 
be  reintroduced  into  the  circuit  if  such  excess 
should  be  produced. 

All  the  boilers  can  be  fed  either  with  purified 
water  or  with  distilled  water,  which  enables  an\ 
desired  boiler  to  be  used  for  the  work  of  distilling. 

Such  a  circuit  will  ensure  that  a  central  station 
will  have  the  best  possible  thermal  balance-sheet, 
and  moreover  a  longer  life  for  the  boilers,  which 
the  process  protects  from  formation  of  scale  and 
corrosion. 

It  is  obvious  that  a  similar  scheme  can  be 
arranged  for  the  distillation  by  means  of  an 
evaporator,     which     under    certain     circumstances 


The  resolution  of  thanks  was  then  put  and 
carried   with  acclamation. 

Sir  William  Pope,  K. li.lv,  F.lt.S.  (President  of 
the  Society  of  Chemical  Industry),  said  the  pleasant 
duty  fell  to  him,  on  behalf  of  the  Society  of 
Chemical  Industry,  to  welcome  the  author  to  the 
joint  meeting  of  their  two  great  societies.  The 
profession  of  chemical  engineering  had  now  become 
a  well  established  one,  and  amongst  its  numerous 
members  there  were,  as  in  every  other  profession, 
a  few  who  stood  out  in  that  their  work  always  bore 
the  stamp  of  genius.  They  were  accustomed  to 
look  for  that  mark  of  originality  in  everything  the 
author  did.  They  had  seen  it  in  the  past;  they 
had  discerned  it  in  his  paper  that  evening,  and 
they  looked  forward  to  seeing  it  again  for  many 
long    years    to   come    in    his    luture    work.      Their 
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Diagram   <>J  degassing,  purifying,  and  distilling  plant,    using  purified  and  distilled  water. 


(Kestner). 


offers  advantages.     Such   an   arrangement   is  illus- 
trated in  Fig.   17. 

The  paper  is  illustrated  by  17  Figs,  in  the  letter- 
press. 


Discussion. 

The  Preswknt  said  that  in  view  of  the  applause 
with  which  the  paper  had  been  greeted  it  was 
hardly  necessary  to  propose  a  formal  vote  of  thank-, 
and  asked  the  author  to  accept  the  thanks  of  the 
meeting.  The  paper  brought  very  forcibly  to  his 
mind  the  necessity  of  an  entente  between 
mechanical  engineers  and  chemists.  Chemists 
indicated  what  was  wanted  in  regard  to  various 
operations,  and  it  then  remained  for  the  mechanical 
engineer  to  devise  the  apparatus  whereby  those 
operations  could  be  carried  out. 


recognition  of  the  author  as  an  artist  in  a  great 
profession  was  evidenced  by  the  fact  that  the 
Society  of  Chemical  Industry  had  conferred  upon 
him  the  highest  honour  in  their  gift,  namely,  the 
.Medal  of  the  Society,  and  he  was  the  only  French- 
man who  had  received  that  award  up  to  the  present. 
The  author  had  always  been  a  great  advocate  of 
the  necessity  for  closer  co-operation  between  his  own 
nation  and  this  country,  and  it  was  because  of  his 
belief  in  that  necessity  that  he  had  put  himself  to 
the  inconvenience  of  coming  to  London  to  address 
the  joint  meeting  of  the  institutions.  But  he 
thought  on  the  present  occasion  something  more 
than  that  might  be  said.  Captain  Sankey  had 
remarked  on  the  necessity  for  more  mutual  effort 
between  the  chemist  and  the  engineer,  and  in  the 
present  joint  meeting  there  was  to  be  seen,  he  hoped, 
the  inauguration  of  a  period  of  closer  co-operation 
between   the   two   great   subjects   with   which   they 
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dealt.  The  alleviation  ol  many  of  the  troubles  from 
which  the  world  was  now  Buffering  depended  upon 
progress  in  engineering,  in  chemistry,  and  in 
chemical  engineering.    It  was  n<>  part  of  Ids  task  on 

the  present   oeeasion  to  open   a   teehnieal  discussion 

on  the  subject  before  the  meeting.  There  were  many 
present  who  had  a  very  wide  practical  acquaintance 
with  the  subject  of  the  paper,  and  he  would  there- 
lore  leave  the  discussion  ol'  the  important  points 
which  had  been  raised  to  those  who  were  better  able 
to  deal  with  them. 

Professor  J.  W.  Hinchley,  in  opening  the  dis- 
cussion, .said  the  author  had  been  labouring  at  the 
subject  a  long  time,  and  he  believed  he  had  suc- 
ceeded in  evolving  a  practical  solution  to  a  very 
difficult  problem,  namely,  that  of  freeing  water  and 
steam  raised  from  it  from  the  corrosive  oxygen  and 
carbon  dioxide  usually  present.  The  tact  that  ferric 
hydrate  in  contact  with  iron  was  slowly  reduced 
to  the  ferrous  state,  and  was  again  capable  of  per- 
forming the  function  of  an  oxidizer,  was  a  remark- 
able chemical  fact  to  he  used  in  solving  the  practical 
problem.  The  absence  of  corrosion  in  the  boiler 
would  be  not  less  important  than  its  absence  in 
other  parts  of  the  plant  through  the  freedom  from 
oxygen  of  the  steam.  The  presence  of  air  in  steam 
was  one  of  the  bugbears  of  the  chemical  engineer. 
He  did  not  believe  the  mechanical  engineer  worried 
about  it,  but  he  certainly  had  great  evidence  of  it 
in  the  damage  that  was  done  to  condenser  tubes 
and  other  parts  of  his  plant.  He  was  very  interested 
in  the  fact  that  the  author  had  found  that  cast- 
iron  containing  manganese  was  an  extremely  active 
rusting  agent.  He  believed  cold  blast  cast-iron  liners 
were  usually  stated  to  be  used  in  ordinary  cylinders 
of  steam-engines,  but  there  was  little  doubt  that 
many  of  those  liners  were  cast  from  metal  made  in 
an  ordinary  cupola  by  the  addition  of  steel  contain- 
ing appreciable  amounts  of  manganese,  and  it  was 
quite  possible  that  much  of  the  corrosion  that  was 
obtained  in  those  cylinders  might  be  due  to  the 
oxygen  in  the  steam  and  the  presence  of  manganese 
in  the  cast-iron.  He  believed  manganese  was 
a  notorious  agent  for  producing  segregation, 
especially  of  sulphur  as  manganese  sulphide.  He 
would  like  to  know  from  the  author  whether  lie 
determined  the  percentage  of  sulphur  at  the  same 
time  that  he  determined  the  manganese,  and 
whether  the  segregation  of  manganese  had  anything 
to  do  with  those  characteristic  properties  which  he 
found,  or  whether  it  was  merely  manganese  in  solu- 
tion in  the  cast-iron  or  equally  distributed  through 
it.  He  would  also  like  the  author  to  say  whether 
he  found  that  the  amount  of  graphitic  carbon  in  the 
grey  east-iron  which  he  used  had  any  great 
influence. 

Mr.  Arthur  Spyf.r  said  it  was  difficult  for  him 
to  criticize  the  paper,  because  he  was  so  absolutely 
in  agreement  with  the  theories  the  author  had  enun- 
ciated, especially  in  regard  to  the  necessity  of 
degassing  feed-water.  The  author  had  pointed  out 
that  carbonic  acid  gas  and  oxygen,  when  they  were 
present  in  the  feed-water,  resulted  in  a  recupera- 
tive action,  because  ferrous  carbonate  was  first 
formed,  then  in  the  presence  of  oxygen  this  was 
transformed  into  ferric  carbonate,  which,  being  a 
very  unstable  body,  again  resolved  itself  into  oxide 
of  iron  and  carbonic  acid  gas,  so  that,  if  the  car- 
bonic acid  gas  was  not  got  rid  of,  the  action  was 
continuous  and  recurrent.  The  author  had  spoken 
at  great  length  on  the  so-called  chemical  method  of 
degassing,  and  he  was  very  much  interested  to  hear 
the  propositions  he  made  in  reference  to  the  use  of 
what  might  be  called  the  steel-shaving  method, 
because  until  quite  recently  the  results  of  degassing 
with  that  method  of  treatment  had  not  been  alto- 
gether consistent;  in  fact,  in  many  cases  it  was 
known  they  had  been  unsatisfactory;  There  seemed 
to  be  several  indications,  however,  that  with  the 


modifications  suggested  by  the  author  those  diffi- 
culties might  be  overcome. 

Another  point  raised  was  the  use  ol   evaporators, 

The     vapour      produced     in  ordinary     evaporators 

frequently  contained  carbonic  acid  gas.  oxygen,  and 

traces  of  Copper  salts.  II  these  substances  obtained 
access  to  the  boiler-water,  they  reproduced  the  gas 
difficulty  and  hence   the   necessity  ol    getting  rid  ol 

the  gases.  The  most  agreeable  waters  for  drinking 
purposes  were  usually  impregnated  with  carbonic 
ai  id  and  oxygen,  and  whilst  exceedingly  pleasant  to 
drink,  they  were  exceedingly  bad  for  boilers. 

With  regard  to  the  suggested  method  of  a  con- 
tinuous blowing  out,  he  did  not  wish  to  be  hyper- 
critical in  any  way,  but  in  a  well-managed  station 
at  the  present  day,  with  the  methods  which  were 
adopted  of  getting  rid  of  solid  matter  in  the  feed- 
water,  the  amount  of  blowing  out  from  the  boilers 
should  be  very  small.  It  was  rather  doubtful 
whether  it  would  pay  commercially  to  install  some- 
what costly  apparatus  as  described  in  the  paper, 
unless  very  definite  evidence  were  forthcoming  of 
the  gain  to  be  obtained,  because,  after  all,  engineers 
unfortunately  had  to  consider  whether  a  particular 
apparatus  paid  or  not. 

In  dealing  with  the  subject  of  corrosion,  the 
author  had  referred  to  galvanic  action.  In  his  own 
experience  he  had  never  yet  seen  a  case  in  which 
he  was  convinced  that  galvanic  action  of  itself  had 
been  the  cause  of  corrosion.  The  wear  of  the  zinc 
blocks  which  were  frequently  fitted  in  boilers  was 
more  probably  due  to  ordinary  oxidation  than  to 
galvanic  action.  He  was  absolutely  in  agreement 
with  the  author  with  regard  to  the  beneficial  effects 
of  heating  the  feed-water  before  subjecting  it  to  the 
discharge  pressure ;  it  undoubtedly  helped  to  get  rid 
of  gas,  and  facilitated  the  action  on  the  water  of 
any  chemicals  which  might  be  introduced.  It 
reduced  the  solubility  of  the  salts  at  high  tempera- 
ture, and  therefore  enabled  a  great  proportion  of 
the  salts  to  be  got  rid  of  before  they  went  into  the 
boiler.  It  should  be  the  object  of  engineers  and 
chemists  first  of  all  to  take  care  that  no  air  got  into 
the  feed-water ;  in  the  second  place,  to  take  all 
possible  steps  to  prevent  the  access  of  air  to  the 
feed-water  subsequently;  and  thirdly,  to  heat  it  as 
much  as  possible  so  that  any  gases  which  were  pre- 
sent might  be  eliminated  so  far  as  practicable. 

Mr.  R.  W.  Bailey  said  he  was  sure  that  builders 
of  steam-turbines  would  be  indebted  to  the  author 
for  his  valuable  paper ;  first,  because  it  emphasized 
the  need  of  removing  oxygen  from  boiler  feed-water  ; 
and  secondly,  it  might  be  inferred  that,  if  it  was  not 
removed,  serious  corrosion  of  the  plant  might  result. 
Corrosion  in  a  steam-turbine  was  a  much  more 
serious  matter  than  in  a  boiler ;  and  there  was  no 
doubt  whatever  that  oxygen  was  responsible  in 
many  cases  for  blading  decay.  Although  materials 
specially  resistant  to  corrosion  were  employed  in  the 
construction  of  steam-turbines — for  example,  5  per 
cent,  nickel  steel,  high  chromium  steel,  and  special 
alloys — corrosion  of  blading  might  occur  unless 
proper  attention  were  paid  to  the  feed-water.  The 
firm  with  which  he  was  engaged,  namely,  the  Metro- 
politan-Vickers  Electrical  Co.,  had  experienced 
cases  of  blading  corrosion,  and  its  research  depart- 
ment had  investigated  the  problem  of  water 
treatment  with  a  view  to  its  prevention. 

The  action  of  an  iron  deoxidizer  of  the  type 
described  by  the  author  was  investigated,  and  the 
results  obtained  confirmed  his  remarks  regarding  its 
effectiveness.  At  first  it  was  thought  that  iron 
turnings  would  meet  ordinary  requirements,  but 
the  idea  was  abandoned  as  it  was  feared  that  the 
water  would  traverse  the  mass  in  lanes,  and  uncer- 
tain and  irregular  action  would  result.  He  would 
like  to  ask  the  author  whether  trouble  of  this  kind 
was  experienced  with  iron  turnings.  Attention  was 
therefore   directed   to   the   use  of   expanded   sheet 
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steel,  and  Fig.  18,  based  upon  experiments  made 
with  a  ^inall  deoxidiser, showed  the  relation  between 
the  amount  of  iron,  rate  of  flow,  and  oxygen 
removed  as  a  percentage  of  that  initially  present. 


The  action  of  such  a  deoxidizer  was  also  investigated 
from  a  theoretical  standpoint,  in  order  that  rational 
formulae  might  he  employed  which  could  be  used 
with  some  degree  of  confidence  outside  the  range  of 


Fig.   19. 
Diagram  of  feed-water  de-oxidation  plant.     (Metropolitan-Vickers  Elec.  Co.). 


58 


ri:i>ri:i:ui\i.s  of  Tin:  chkmical   kxcinkkkixi!   GR01  p 


tin-  experiments.  This  was  done  in  Pig.  1*,  which 
gave  values  for  cast's  up  to  500  sheets,  although  the 
experiments  were  only  conducted  over  one-tenth  of 
tins  range.  It  was  found  that  the  rate  at  which 
the  iron  absorbed  oxygen  was  rather  more  than  pro- 
portional to  the  concentration  of  oxygen  (this  might 
not  he  absolute,  hut  might  be  really  due  to  a  more 
extended  surface  being  offered  where  oxidation 
was  most  active),  and  increasing  the  velocity  of  flow 
increased  the  rate  ol  absorption  at  the  iron  ;  but,  as 
the  quantity  entering  was  proportional  to  the 
velocity,  the  percentage  of  oxygen  removed  from 
the  water  decreased  with  increasing  rate  of  flow, 
as  would  he  expected.  The  curves  showed  that  the 
increase  in  efficiency  with  decreased  velocity  was 
appreciable.  A  rational  formula  taking  into  closer 
account  the  effect  of  concentration  and  velociu  was 
not  convenient  for  practical  purposes,  and  the 
following  approximate  formula,  which  would  satisfy 
most  practical  cases  and  was  a  basis  of  Fig.  18, 
might  be  given  for  the  case  where  the  water 
temperature  was  15°  C. 


Log10 


100 


31  SN 


100 -P        100  +  12500  V 


+  0-04 


Where: — P  =  Percentage  of  oxygen  removed. 

V  =  Velocity  of  flow  in  feet  per  minute, 
based  upon  the  gross  cross-sectional 
area. 
N  =  Number  of  sheets  of  expanded  sheet 

steel, 
o  _  T>„t-  Area  of  actual  iron  surface 

Plane  area  of  sheet  (one  side 

The  influence  of  temperature  in  increasing  the 
rate  of  oxidation  was  most  marked.  Their  infor- 
mation on  this  point  was  not  very  extensive,  but  it 
appeared  to  support  the  rough  rule  that  it  doubled 
for  every  10°  C.  increase  in  temperature.  He  would 
like  to  ask  the  author  whether  such  a  relation 
agreed  with  the  curve  exhibited  by  him. 

He  was  most  interested  in  the  alternating  flow 
arrangement  developed  by  the  author  in  order  to 
take  advantage  of  a  regenerative  action.  His  firm 
had  developed  a  similar  arrangement  for  a  different 
reason,  namely,  that  the  rate  of  corrosion  was  so 
much  greater  at  the  inlet  end  that,  to  secure  some- 
thing like  uniform  oxidation  of  the  iron  throughout 
the  deoxidiser,  it  was  necessary  to  employ  the  alter- 
nating  flow  principle.  It  should  be  mentioned  that 
the  rate  of  oxidation  at  different  positions  in  a 
deoxidizer  of  the  kind  considered  was  given  approxi- 
mately in  Fig.  18  by  the  ordinates  of  the  different 
curves  measured  from  the  100  per  cent.  line. 

The  Metropolitan-Vickers  Electrical  Co.  did  not 
make  deoxidizers,  but  they  had  looked  into  the 
question  of  their  action  and  design  in  order  that, 
where  necessary,  recommendations  could  be  made  to 
customers  in  connexion  with  the  steam-turbines 
supplied.  Fig.  19  showed  diagrammatically  a 
scheme  recommended  in  the  case  of  a  large  electric 
power-station  in  this  country  where  corrosion  had 
been  traced  principally  to  dissolved  oxygen  in  the 
feed-water.  Only  the  make-up  water  "was  passed 
through  the  deoxidiser,  and  this  flowed  under 
gravity  from  the  storage  tank  A,  via  the  pipe  B  and 
thermostat  controlled  heater  E,  to  the  deoxidiser  C, 
its  rate  of  flow  being  controlled  by  a  float  in  the  hot- 
well  D.  The  valve  arrangements  for  reversing  the 
direction  of  flow  and  for  permitting  one  side  to  be 
opened  up  while  the  other  was  in  operation,  thus 
enabling  replacement  of  the  expanded  metal  to  be 
carried  out  without  stopping  the  plant,  as  also  the 
arrangement  for  shutting  down  the  deoxidiser  com- 
pletely, would  be  understood  from  the  figure.  To 
prevent  subsequent  aeration  of  the  make-up  and  of 
the  condensate,  the  hot-well  D  was  steam-sealed, 
exhaust  steam  from  auxiliaries  being  led  in  at  H 


and  its  supply  adjusted  so  that  a  small  escape  took 
place  at  the  vent-pipe  .1.  To  prevent  aeration  ol 
the  condensate  and  at  the  same  tunc-  permit  a  simple 
delivery  to  the  overhead  storage-tank  when  the  level 
in  the  hot-well  closed  off  its  flow  thereto,  an  inverted 
Siphon  K  was  employed  and  the  branch  to  the  hot- 
well  was  "  teed  "  off  the  inlet  tube  as  shown.  A 
column  of  "  dead  "  water  existed  below  this  con- 
nexion, and  thus  sealed  the  condensate  passing  to 
the  hot-well  from  the  atmosphere.  The  delivery 
pipe  from  the  deoxidiser  was  carried  up  as  shown  at 
F,  in  order  to  keep  the  upper  part  of  the  deoxidiser 
under  sufficient  pressure  to  enable  a  snifting  valve 
to  release  any  gas  that  might  accumulate  when 
heating  was  employed. 

Professor  F.  G.  Donxan,  F.R.S.,  said  he  re- 
membered that  some  years  ago  the  question  of  the 
degassing  of  the  water  in  the  C'algoorlie  water 
supply  main,  which  had  a  very  great  length,  arose, 
and  he  understood  it  was  done  by  spraying  at  a 
reduced  pressure.  That  was  a  very  important  ques- 
tion in  connexion  with  conducting  water  over  long 
distances  and  for  general  questions  of  municipal 
supply.  It  would  be  of  interest  if  the  author  could 
state  how  that  method  could  be  developed  for 
general  supply  purposes.  It  was  quite  impossible 
to  use  a  chemical  method  on  a  very  large  scale  like 
that,  and  it  would  therefore  be  of  interest  to  know 
if  it  was  possible  to  use  the  physical  method  success- 
fully. He  thought  that  spraying  by  nozzles  at  a 
sufficiently  low  pressure-vacuum  would  not  remove 
the  oxygen  sufficiently,  but  that  was  not  a  matter 
on  which  he  possessed  enough  knowledge  to  give  a 
valuable  opinion. 

With  regard  to  the  author's  scheme  of  a  boiler 
acting  as  a  water  distiller,  he  remembered  inspect- 
ing in  South  America  a  boiler  system  which  worked 
in  very  nearly  the  same  way.  One  boiler  took  the 
make-up  feed,  which  was  softened  in  the  usual  way, 
and  acted  as  a  water  distiller  to  the  other  boilers. 
The  condensed  water  came  back,  and  there  was  a 
partial  attempt  at  systematic  blowing  down,  but  it 
was  not  very  great  and  was  not  particularly  neces- 
sary. The  boilers  were  mostly  water-tube  boilers 
working  at  200  lb.  pressure,  and  the  water  distiller 
was  a  Lancashire  boiler  working  at  about  50  lb. 
pressure. 

Professor  J.  S.  S.  Brame  said  he  had  been  carry- 
ing out  a  good  deal  of  work  in  connexion  with  boiler 
corrosion,  and  he  was  quite  convinced  that  the 
question  of  oxygen  in  the  feed-water  was  one  of  the 
utmost  importance.  The  author  considered  that 
the  action  of  water  and  oxygen  first  produced  ferric 
hydroxide,  a  similar  action  to  that  which  took 
place  in  corrosion  at  normal  temperatures.  He  (the 
speaker)  was  not  sure,  however,  that  the  actions 
were  similar  in  a  boiler  where  the  temperature  was 
somewhere  of  the  order  of  200°  C.  In  the  deoxid- 
ising of  water  by  iron,  the  interesting  point  was  the 
reduction  of  the  FeaOs  in  contact  with  the  iron  in 
the  absence  of  oxygen.  At  the  point  of  entry  the 
FeaOa  existed  as  a  maximum,  but  by  passing  the 
water  in  the  other  direction  a  dark  greenish-black 
compound  was  obtained.  It  was  an  action  which 
had  been  very  largely  overlooked,  although  it  was 
mentioned  in  the  old  text-books ;  for  instance,  a 
very  interesting  account  of  that  action  would  be 
found  in  Gmelin's  Chemistry  (vol.  v.  p.  185  :  1851). 
The  author  had  postulated  the  formation  of  a 
hydrated  magnetic  oxide  Fe3(OH)8.  He  (Professor 
Brame)  would  like  to  know  whether  there  was  any 
basis  of  analysis  for  such  a  formula.  It  was  most 
difficult  to  get  consistent  results  for  the  analysis  of 
any  of  those  products  of  oxidation  except  the  fully 
hydrated  oxide.  From  most  forms  of  rust  a  con- 
siderable proportion  of  a  magnetic  oxide  could  be 
separated  by  grinding  them  up  to  a  very  fine  state 
of  division  and  flowing  them  by  means  of  water  past 
a  powerful  magnet.     One  was  so  accustomed  to  look 
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upon  it  that  tlio  Formation  of  ordinary  Fe-O,.  either 
;i-  Fe»0«  or  in  the  hydrated  form  was  only  produced 
under  special  conditions  that  it  was  somewhat  sur- 
prising to  find  that,  if  a  plate  of  iron  was  loft  just 
awasli  in  water,  so  that   plenty  of  oxygen  Could  pet 

through,  the  red  rust  formed  first  of  all.  and  that 
as  the  mass  was  built  up  then'  was  formed  under- 
neath a  darkish  preen  or  almost  black  compound 
which  was  strongly  magnetic  Those  were  all 
reactions  which  related  to  the  question  of  sepa- 
rating the  oxygen  from  the  water  by  the  iron 
process,  and  in  addition  they  must  play  a  very 
important  part  in  the  whole  question  of  corrosion. 
The  solution  of  the  problem  lay  very  largely  in  find- 
ing out  first  of  all  what  types  of  action  were 
involved. 

The  author  had  referred  to  magnesium  chloride. 
It  had  had  a  lot  of  sins  to  bear  and  a  lot  of  burdens 
to  carry,  but  he  was  not  sure  that  it  was  such  a 
sinner  as  it  had  been  made  out  to  be.  If  the  whole 
of  the  magnesium  chloride  remained  in  solution,  he 
thought  it  was  very  doubtful  whether  that  action  of 
hydrolysis  produced  the  hydrate  and  free  acid 
actually  did  take  place,  but  it  had  been  shown  by 
Hof  that  the  development  of  free  acid  only  became 
an  appreciable  reaction  when  the  magnesium 
chloride  was  left  as  a  deposit  on  the  side  of  the 
vessel  during  evaporation. 

Dr.  W.  R.  Ormaxdy  said  that  a  considerable 
number  of  years  ago  he  had  had  a  great  deal  to  do 
with  the  installation  of  water-softening  plants,  and 
the  experience  which  he  had  thus  gained  made  him 
very  cautious  in  expressing  any  opinion  upon  the 
reactions  which  took  place.  Particularly  was  this 
true  regarding  the  mutual  reactions  taking  place 
between  oxygen  and  carbon  dioxide  in  the  presence 
of  iron.  Unlike  Professor  Brame,  he  thought  that 
hydrolysis  played  an  important  part.  A  previous 
speaker  stated  that  he  did  not  find  much  evidence 
of  electrolytic  effects.  It  seemed  to  him  that  the 
extraordinary  effects  of  local  corrosion,  spotting,  in 
a  boiler  must  to  some  extent  be  attributable  to  the 
heterogeneous  nature  of  the  metal  which  was  em- 
ployed. He  thought  most  of  the  members  who  had 
had  a  good  deal  to  do  with  boilers  would  remember 
occasions  when  an  old  boiler,  made  in  the  days  when 
puddle  iron  was  used,  resisted  all  the  waters  used 
in  it  and  gave  no  signs  of  corrosion,  but  when  that 
boiler  was  displaced  by  a  steel  boiler  then  entirely 
different  results  were  obtained,  even  with  the  same 
water  which  had  been  used  successfully  in  the 
wrought-iron  boiler.  It  seemed  to  him  that  that 
might  be  attributed  to  the  fact  that  the  steel  almost 
invariably  contained  segregations  rich  in  man- 
ganese. It  was  known,  not  only  from  the  experi- 
ments which  had  been  described  in  the  paper,  but 
from  other  work  that  had  been  done  on  the  subject, 
that  manganese  was  an  extraordinary  material  for 
acting  as  a  carrier  of  oxygen.  It  was  mixed  with 
potassium  chlorate  in  order  to  get  oxygen  off,  and 
manganese  sulphate  was  added  in  many  reactions 
because  it  acted  as  an  oxygen  carrier.  In  many 
ways  it  was  an  ideal  substance  for  the  purpose. 

It  was  difficult  to  grasp  the  details  of  the  author's 
continuous  process,  but  it  was  clearly  intended 
primarily  for  power-stations  and  marine  work  where 
surface  condensers  were  employed.  He  would  like  to 
point  out,  however,  that  more  boilers  were  probably 
employed  in  producing  steam  for  industrial  opera- 
tions where  the  condensed  water  could  not  he 
returned  to  the  boiler.  This  led  one  to  inquire  as  to 
the  possibilities  of  the  application  of  the  de-oxygen- 
ising  process  in  its  application  to  such  boilers.  It 
was  a  very  fortunate  thing  that  the  curve  for  the 
rate  of  the  degassing  reaction  was  such  that  at  a 
temperature  of  90°  to  100°  F..  a  very  considerable 
velocity  had  already  been  acquired,  because  that 
was  about  the  temperature  at  which  every  engineer 
desired  the  water  to  go  into  his  economisers.      It 


might,  therefore,  be  assumed  that  water  could  be 
heated  by  wast.'  steam  to  90°  F.,  sent  through  a  de- 
oxidising machine,  and  then  passed  through  the 
economisers.  Incidentally,  eighteen  months  or 
two  years  ago,  when  getting  quotations  for  econo- 
misers, he  came  to  the  conclusion  that  the  makers 
were  going  to  get  over  the  difficulty  by  silver  plating 
them  inside. 

Hi'  would  like  to  know  whether  the  author  could 
Nay  anything  about  the  influence  of  traces  of  alkali 
on  the  rate  of  the  removal  of  oxygen  from  boiler- 
tccd  water,  because,  as  the  members  were  aware,  it 
was  almost  impossible  to  soften  a  water  by  any  of 
the  ordinary  types  of  lime  soda  softening  plants  to 
within  anything  below  7  grains  per  100,000  without 
having  a  certain  amount  of  free  alkalinity.  He 
had  met  with  a  case  of  natural  water  which  was  so 
pure  that  it  contained  only  2  parts  of  solids  per 
100,000,  but  which  seriously  corroded  steel  boilers, 
and  yet  the  addition  of  2  grains  per  100,000  of 
caustic  soda  inhibited  that  corrosion  absolutely. 
He  would  like  to  know  if  the  presence  of  free  alkali 
in  any  way  had  that  effect  of  stopping  the  absorp- 
tion of  oxygen  in  the  degasser,  or  whether  it 
necessitated  the  use  of  much  larger  degassers. 

Mr.  William  H.  Patchell  (Vice-President)  said 
that  some  of  the  members  had  been  striving  for  a 
long  time  to  obtain  closer  association  between  the 
engineer  and  the  chemist,  and  that  had  been 
brought  about  on  the  present  occasion.  The  entente 
cnrdiale  had  been  much  in  evidence  during  the  last 
five  years,  and  it  had  led  to  surprising  changes,  and 
he  was  glad  that  through  the  good  services  of  M. 
Kestner  it  had  led  to  the  Society  of  Chemical 
Industry  joining  with  the  Institution  in  the  present 
meeting.  Both  Sir  William  Pope  and  Captain 
Sankey  had  said  it  was  the  inaugural  meeting  of  the 
two  bodies.  He  understood  that  it  also  set  a  pre- 
cedent for  the  Society  of  Chemical  Industry,  in  that 
he  did  not  believe  they  had  dared  to  meet  anybody 
else  before !  He  hoped  the  result  of  the  combina- 
tion would  be  thoroughly  satisfactory. 

M.  Paul  Kestner,  in  reply,  said  he  was  much 
obliged  to  the  members  for  the  kind  reception  that 
had  been  accorded  to  him.  He  was  glad  to  hear  the 
President,  Sir  William  Pope,  and  Mr.  Patchell  agree 
with  the  suggestion  he  bad  made  that  the  engineer 
and  the  chemist  should  work  hand  in  hand,  and  that 
it  would  be  of  very  great  benefit  to  their  industries. 
He  would  reply  to  the  discussion  in  writing. 

The  meeting  then  terminated. 


Communications. 

Mr.  R.  W.  Bailey  wrote,  in  reply  to  Professor 
Brame's  question  relating  to  the  character  of  the 
oxide  coat,  that  he  was  struck  by  the  remarkable 
uniformity  and  consistency  in  the  action  of  their 
experimental  deoxidiser,  as  shown  by  a  period  of 
operation  of  two  to  three  months  with  only  short 
stoppages  at  intervals  for  inspection  or  alteration 
in  the  number  of  sheets.  During  these  runs  no 
spottiness  in  the  oxide  coating  occurred,  which  was 
very  uniform  in  colour,  red  on  the  outside  and 
greenish  black  below  and  next  the  metal.  Probably 
the  uniform  conditions  of  flow,  that  could  be 
obtained  with  expanded  metal,  accounted  for  the 
absence  of  a  patchy  coat.  It  would  be  interesting 
to  know  whether  spottiness  had  been  experienced 
with  iron  turnings,  and  he  would  like  to  ask  for  the 
author's  experience  on  this  point. 

With  respect  to  the  physical  method  of  degassing 
described  by  the  author,  namely,  by  exposing  water 
to  a  reduced  pressure,  the  action,  of  course, 
depended  upon  the  magnitude  of  the  partial 
pressure  of  the  gas  in  the  atmosphere  to  which  the 
water  under  treatment  was  subjected,  and  this  could 
be  arranged  to  be  very  low  indeed,  although  the 
total   pressure  might  be   appreciable.     Thus  water 
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exposed  to  an  atmosphere  of  steam  if  finely  divided 
would  be  degassed,  because  the  partial  pressure  of  gas 
there  might  be  nil  or  very  small.  1  a  appreciating  the 
advantages  of  the  author's  continuous  Mow-down 
hot  purification  system  of  treatment,  it  was  to  be 
noticed  that  the  inlet  feed-water  underwent  de- 
gassing in  this  manner.  To  exploit  this  method  to 
the  full  extent,  however,  it  was  necessary  to  draw 
off  the  gas  liberated  in  order  to  have  a  low  gas 
partial  pressure.  He  would  like  to  ask  to  what 
extent  this  w;is  done.  Instead  of  spraying  water 
into  an  atmosphere  of  steam,  a  similar  result, 
though  not  so  complete,  would  occur  if  steam  was 
bubbled  through  water.  This  happened  in  steam- 
boilers.  A  bubble  of  steam  formed,  having  initially 
a  gas  partial  pressure  nil  or  very  small,  and  as  it 
rose  it  had  a  degassing  action  upon  the  water  at  its 
boundary.  This  was  going  on  throughout  the  whole 
mass  of  the  water,  and  thus  it  was  that  a  large  pro- 
portion of  the  dissolved  gases  was  conveyed  to  the 
stea.m  space  and  away  to  carry  on  corrosion  of  the 
plant  beyond.  This  action  of  steam  bubbles  was  not 
generally  appreciated. 

Messrs.  J.  H.  Costf.  and  W.  E.  F.  Powney  wrote 
that  the  general  question  of  gases  dissolved  in  water 
was  discussed  at  length  by  one  of  the  writers  in  1917 
and  1918.*  Since  then  they  had  had  occasion  to 
investigate  the  nature  and  amount  of  both  bases 
and  solids  dissolved  in  the  water  and  associated  with 
the  steam  in  a  large  power  plant.  They  were 
generally  in  agreement  with  M.  Kestner,  but  on 
some  points  they  were  unable  to  confirm  his  views. 
The  greatly  increased  velocity  of  the  softening  pro- 
cess when  it  was  carried  out  at  an  elevated  tempera- 
ture was  undoubted.  They  could  not,  however, 
think  that  many  boiler  waters  contained  so  much 
calcium  sulphate  that  it  would  be  partially  precipi- 
tated during  the  softening  process.  The  solubility 
reached  a  maximum  at  about  40°  C,  and  at  100° 
was  about  120  per  100,000  of  water. 

The  view  that  magnesium  chloride  was  hydro- 
lvtically  dissociated  in  dilute  solutions  with  actual 
liberation  of  hydrochloric  acid  was,  in  their  opinion, 
based  on  a  misreading  of  Casaseea's  Paper. t 
MgClgoaq  seemed  to  be  the  stable  form  to  11667°  C. 
and  between  this  and  181'5°  MgCl2.4aq.,  after  his 
MgCl22aq.  See  also  Cribb  (Analyst,  xxv,  1900, 
169).  As  properly  softened  boiler  waters  were 
usually  more  alkaline  than  PH=8,  the  question  of 
free  acid  could  hardly  come  in.  They  were  unable 
to  agree  with  the  view  that  the  author  appeared  to 
hold  that  sodium  carbonate  alone  was  better  for 
softening  than  a  mixture  of  this  and  lime.  Lime 
had  the  great  advantage  of  adding  no  soluble  salts 
to  the  water,  of  removing  magnesia  from  solution, 
owing  to  the  low  solubility  of  magnesium  hydroxide 
and  of  directly  reducing  the  admittedly  very  small 
hydrion  concentration  due  to  carbonic  acid.  The 
corrosion  of  boiler  plates  or  of  turbine  blades  was 
undoubtedly  due.  as  the  author  stated,  to  dissolved 
oxygen.  Its  action,  however,  appeared  frequently 
to  be  that  of  a  depolariser,  removing  the  ferrous  ion 
from  solution  and  forming  finally  that  oxide  which 
was  in  equilibrium  with  water  at  high  temperatures, 
Fes04.  It  was  the  presence  of  dissolved  oxygen 
alone  which  allowed  the  action  of  carbonic  acid  or 
of  saline  electrolytes  to  he  continuous. 

Thev  had  found  that  water  condensed  in  the  very 
diminished  pressure  obtained  in  the  condenser  of  a 
large  turbine  fitted  with  separate  and  efficient 
water-  and  air-pumps  was  almost  free  from  oxygen, 
whilst  that  from  a  condenser  fitted  with  a  single 
pump  for  gas  and  water  might  even  be  super- 
saturated. The  almost  air-free  water  took  up  a 
considerable  proportion  of  oxygen — about  25  per 
cent,  of  that  required  for  saturation  in  flowing  oyer 
a  V  notch  and  cascading  down  into  the  pipe  leading 

*  Jour.  Soc.  Chem.  Ind.  xxxvi.  p.  846.  xxxvii,  p.   170. 
t  Conrp.  Rend,  1853,  xxxvii,  p.  350. 


to  the  feed-water  heater.  No  doubt  the  turbulent 
flow  was  accountable  For  most  of  this,  not  the  steady 
flow  with  unbroken  surface  over  the  V  notch.  In 
Feed-water  heater  and  open  hot-well  the  concentra- 
tion of  dissolved  oxygen  would  be  about  70  percent. 
of  saturation.  Some  reduction,  principally  shown 
indirectly  by  rusting  in  the  water,  but  also  by  the 
reduced  proportion  of  oxygen  relative  to  "  nitro- 
gen," *  was  found  at  the  inlet  of  the  economiser. 
The  water  at  the  outlet  was  difficult  to  sample  satis- 
factorily, but  the  steam  delivered  to  a  turbine  had 
been  examined  and  found  to  contain  much  less 
oxygen  than  would  correspond  to  the  nitrogen  in 
solution,  showing  a  loss  of  oxygen  in  the  economisers 
and  boilers.     Some  carbon  dioxide  was  also  found. 

The  writers'  experience  with  condensers  fitted 
with  efficient  air-pumps  convinced  them  that,  at 
least  as  a  counsel  of  perfection,  the  soundest  way  of 
securing  water  free  from  dissolved  oxygen  was  to 
allow  no  opportunity  for  the  water,  which  could  be 
condensed  practically  gas-free,  to  absorb  any.  Thai 
is,  to  use  as  far  as  possible  a  closed  circuit.  If  the 
make-up  water  was  kept  down  to  a  minimum, 
suitable  chemical  or  physical  means,  which  might 
be  such  as  the  author  suggested,  could  be  used  for 
degassing  it. 

M.  Kestner  appeared  to  state  that  water  at 
100°  C.  and  atmospheric  pressure  still  retained  a 
considerable  proportion  of  oxygen  in  solution.  This 
was  correct  in  so  far  as  the  evolution  of  air  required 
time,  but  there  were  several  boiling-out  processes 
for  determining  the  gases  dissolved  in  water  which 
gave  substantially  exact  results,  although  Leduc  had 
shown  that  freezing  was  the  most  efficient  means  of 
degassing  water.  Of  course,  water  at  100°  C.  under 
air,  when  the  partial  pressure  of  the  air  was 
760  mm.,  would  dissolve  about  3  cm3  per  litre  of 
oxygen.  In  any  physical  degassing  process  based  on 
the  use  of  an  elevated  temperature  or  reduced 
pressure  or  both,  it  was  important  to  use  appro- 
priate means — spraying,  dripping  through  small 
apertures,  agitation,  etc. — to  obtain  as  large  a 
surface  of  contact  between  the  water  and  the  atmo- 
sphere to  which  it  was  exposed. 

Mr.  Percy  G.  Jackson  wrote  that  he  did  not 
entirely  agree  with  the  author's  remarks  in  con- 
nexion with  the  continuous  blowing-down  of  boilers. 
He  bad  known  cases  in  which  this  had  been  particu- 
larly useful,  but  he  did  not  look  upon  it  as  generally 
necessary.  The  author  stated  that,  in  order  that 
periodic  blowing-off  from  the  lowest  point  in  the 
boiler  might  be  effective,  a  large  quantity  of  water 
must  be  blown  off  at  each  operation.  In  the  writer's 
opinion  this  was  not  at  all  necessary.  If  the  peri- 
odical blowing-off  was  for  the  purpose  of  preventing 
the  accumulation  of  mud,  the  opening  of  the  blow- 
off  cock  for  a  few  seconds  at  a  time  was  all  that  was 
necessary. 

He  deprecated  most  strongly  the  idea  of  returning 
the  Mown-off  water  to  the  boiler.  Though  the 
author  removed  the  suspended  impurities  by  passing 
the  blow-off  water  through  a  settling  chamber,  he 
(the  writer)  did  not  see  how  any  of  the  saline  im- 
purities could  be  removed,  as  the  author  appeared 
to  suggest.  No  boiler  should  be  worked  with  a 
saline  concentration  exceeding  about  5000  grains 
per  gallon,  and  as  the  solubility  of  all  salts  likely  to 
be  present  in  the  water  exceeded  this,  even  at  a 
temperature  as  low  as  25°  C,  he  could  not  under- 
stand how  they  could  be  removed  by  the  simple 
process  of  cooling  the  blow-off  water;  and  in  the 
case  of  calcium  sulphate,  if  present,  this  being  more 
soluble  at  the  lower  temperatures  than  at  the  tem- 
perature of  the  boiler,  it  would  have  a  tendency  to  re- 
dissolve  rather  than  to  be  precipitated.  As  the  preven- 
tion of  undue  accumulation  of  saline  constituents 
was  one  of  the  two  purposes  for  which  blowing  down 


*  i.e.,  nitrogen  plus  argon. 
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was  desirable,  it  appeared  that  the  object  was 
defeated  by  returning  it  to  the  boiler.  The  lower 
the  saline  concentration  in   t he  boiler  the  better, 

particularly  it  nitrate  were  present.  The  beat  lost 
by  allowing  blown-oS  water  to  run  to  waste  was  so 
slight,  providing  the  blowing  off  was  not  excessive, 
that  be  could  see  no  useful  purpose  in  returning  it 
to  the  boiler. 

Mn.  Pim.ir  L.  HiviF.HK  wrote  that  he  would  like  to 
support  very  strongly  all  that  M.  Kcstner  hail  sail  1 
on  the  necessity  for  closer  co-operation  between  the 
chemist  and  the  engineer.  At  the  London  County 
Council  Tramways  Power  Station  at  Greenwii  h, 
where  for  some  considerable  time  now  they  had 
been  fortunate  in  having  t lie  assistance  of  a  fully 
Qualified  chemist  working  under  the  supervision  of 
the  London  County  Council  Chief  Chemist,  the 
results  following  on  the  chemical  work  carried  out 
had  been  most  gratifying. 

With  regard  to  the  question  of  blowing-down 
boilers,  they  had  had  at  Greenwich  the  usual 
difficulties  in  deciding  on  the  proper  quantity  of 
water  to  be  blown  out  from  time  to  time,  and  they 
were  not  assisted  to  any  great  extent  by  consider- 
ing the  procedure  adopted  elsewhere,  as  there 
appeared  to  be  no  standard  test  adopted  for  the 
determination  of  the  degree  of  concentration  of 
salts  in  boiler  waters,  and  no  agreed  definite 
limit  to  the  degree  of  concentration  of  solids 
allowable  before  blowing  down  was  considered 
necessary.  As  the  result  of  the  work  carried  out 
by  the  chemist,  it  was  decided  that  the  chlorine 
content  of  the  boiler  water  should  be  taken  as  a 
measure  of  the  solids  present  in  the  water,  and  a 
figure  of  400  parts  of  chlorine  per  100,000  parts  of 
boiler  water  was  taken  as  representing  the  concen- 
tration allowable  in  ordinary  circumstances.  When 
boiler  water  was  analysed  and  the  chlorine  content 
ascertained,  the  "  alkalinity  "  was  also  taken,  and 
for  the  conditions  existing  at  Greenwich,  it  had 
been  found  that  chlorine-^alkalinity  X3  =  the  total 
solids  present  in  parts  per  100.000. 

When  taking  samples  of  water  from  boilers  for 
analysis,  it  had  been  found  that  great  care  should 
oe  taken  to  ascertain  which  position  on  the  boiler 
was  most  likely  to  give  samples  that  would  be 
consistent  and  furnish  reliable  figures  on  which  the 
general  condition  of  the  boiler  water  could  be  deter- 
mined. Under  the  conditions  prevailing  at  Green- 
wich, where  Babcock  and  Wilcox  boilers  were  set 
in  pairs  and  were  fed  through  feed  check-valves  on 
each  drum  supplied  by  means  of  a  pipe  controlled 
by  a  hand  regulated  feed-valve  for  each  boiler,  it 
was  found  that  the  concentration  of  solids  in  the 
outside  drum  was  usually  from  4  to  5  times  as 
high  as  the  concentration  in  the  inside  drum.  The 
analysis  of  the  feed-water  at  Greenwich  gave  the 
following  general  results  over  a  period  of  three 
months:  alkalinity  091.  chlorine  0'71.  hardness 
0'73.  while  for  the  same  period  the  corresponding 
figures  for  the  make-up  feed  were  :  alkalinity  6'8. 
chlorine  2'5.  hardness  4'2.  all  figures  representing 
parts  per  100.000.  It  had  been  found  tb.it.  in  the 
case  of  the  Babcock  and  Wilcox  boilers,  which  were 
emptied  and  refilled  with  ordinary  feed-water  once 
every  six  or  seven  weeks  when  cleaning  was  carried 
out,  the  concentration  of  solids  never  exceeded  200 
parts  of  chlorine  per  100.000.  and  therefore  no 
blowing  down  was  necessary  beyond  opening  and 
closing  the  blow-down  cocks  once  per  week  to  eusure 
that  they  were  in  working  order. 

In  the  case  of  the  Stirling  boilers,  the  allowable 
concentration  had  been  temporarily  restricted  to 
">0  parts  of  chlorine  per  100,000,  pending  an  altera- 
tion to  tbese  boilers,  and  it  was  found  that  this 
figure  was  reached  in  from  three  to  five  weeks. 
1  pending  on  the  work  done  by  the  individual 
boilers.  When  the  concentration  reached  the  figure 
given,  the  boilers  were  blown  down  to  the  extent  of 


about  350  gallons  each  night  for  four  nights,  when 
it  was  found  that  the  chlorine  content  had  been 
reduced  from  50  to  M0  parts  per  100,000,  after  which 
the   boiler    would    usually   steam    for    about    from    111 

to  11  days  before  blowing  down  was  again  neces- 
sary. In  consequence  ol  the  comparatively  small 
amount  of  water  blown  down,  the  amount  of  make- 
up feed  used  was  a  small  percentage  of  the  total 
water  evaporated.  Under  modern  conditions, 
apart  from  slight  condenser  leakage,  the  make-up 
feed  being  the  only  way  in  which  solids  could  be 
fed  into  the  boilers,  the  importance  of  restricting 
the  amount  of  make-up  feed  required  was  at  once 
apparent.  From  the  results  obtained  at  Greenwich, 
where  the  make-up  feed  was  from  3  J  to  5  per  cent., 
it  would  appear  quite  reasonable  to  expect  that  in 
a  large  modern  power-station  the  percentage  of 
make-up  feed  should  not  exceed  from  3  to  4  per 
cent,  of  the  total  water  evaporated.  The  water 
blown  out  of  the  boilers  did  not  as  a  rule  exceed 
about  3'5  per  cent,  of  the  make-up  feed,  but  this  did 
not  include  the  complete  changing  of  water  when 
boilers  were  laid  off  for  cleaning. 

The  water  blown  out  of  the  boilers  when  under 
-team,  together  with  the  water  emptied  out  when 
boilers  were  emptied  for  cleaning,  represented  about 
7'5  per  cent,  of  the  make-up  feed.  In  order  to  keep 
a  close  check  on  the  amount  of  make-up  feed  used 
and  the  amount  of  water  blown  out  of  the  boilers, 
they  had  a  meter  on  the  make-up  feed  main  and  a 
"  Lea  "  Recorder  on  the  blow-down  pipe-line,  the 
introduction  of  the  latter  having  proved  parti- 
cularly effective  in  preventing  waste  of  water, 
through  stokers  having  to  lower  the  water  level  in 
banked  boilers  the  feed-cheeks  on  which  were  leak- 
ing, and  through  the  tendency  to  blow  out  water 
when  the  water  level  in  working  boilers  had  become 
dangerously  high  owing  to  lack  of  attention. 

From  their  experience  at  Greenwich,  it  was 
difficult  to  conceive  of  a  set  of  conditions  which 
would  justify  the  installation  of  M.  Kestner's  con- 
tinuous blow-down  system,  as  it  would  appear  that 
the  limit  of  concentration  of  solids  in  the  boiler 
water  would  have  to  be  considerably  higher  than 
was  usually  considered  desirable,  before  the  action 
of  separating  out  he  described  could  take  place  at 
the  temperatures  mentioned.  The  amount  of  water 
to  be  blown  out  in  the  ordinary  way  in  a  well- 
managed  boiler  plant  would  be  so  .small  that  it 
would  be  very  difficult  to  control  the  quantity  within 
reasonable  limits,  as  considerable  trouble  would  be 
expected  with  regulating  valves  which  would  have 
to  be  operated  under  very  severe  conditions. 
He  would  like  to  know  whether  the  author  had 
determined  the  degree  to  which  he  considered  the 
various  solids  contained  in  boiler  waters  might  be 
allowed  to  concentrate  before  it  was  necessary  to 
blow  down  through  his  apparatus,  and  which 
method  of  determining  the  degree  of  concentration 
he  had  found  most  reliable  under  ordinary  operat- 
ing conditions. 

With  regard  to  M.  Kestner's  proposals  regarding 
the  degassing  of  feed-water,  it  would  appear  that, 
in  order  to  keep  down  the  quantity  of  deoxidising 
material  used  to  a  reasonable  figure,  it  was  neces- 
sary to  arrange  either  for  a  closed  circuit  system 
or  that  deaeration  should  be  carried  out  to  a  cer- 
tain extent  by  physical  means  before  the  water 
passed  into  the  Paris  degasser.  As  a  result  of  very 
careful  observation  and  readings  taken  over  a 
period  of  seven  days,  it  was  found  that,  at  Green- 
wich with  a  load  curve  as  shown  in  Fig.  20,  they 
required  a  hot-well  capacity  of  tbaut  1200  cubic 
feet  to  provide  for  the  variation  in  the  quantity  of 
water  carried  in  the  hot-wells  as  reserve  at  different 
periods  of  the  day.  This  hot-well  capacity  repre- 
sented about  0*026  cubic  feet  per  k\v.  of  plant 
installed  and  appeared  to  be  necessary,  principally 
on  account  of  the  varying  water-level  in  the  boilers, 


62 


PROCEEDINGS    OF   THE   CHEMICAL   ENGINEERING    GROUP. 


of  which  the  feed  was  hand-regulated.     Although 

iKi    doubl     the    capacity    required    in    the    hot-wells 

could  be  reduced  considerably  by  the  introduction 
of  feed-water  regulators,  they  would  still  require  to 
hare  a  large  quantity  of  water  in  reserve  to  provide 
tor  variation  in  demand  on  the  hot-wells,  and  it  was 
at  this  point  that  the  difficulties  of  degassing 
appeared. 

When  condensate  left  the  condenser  it  was,  on 
account  ol  the  high  vacuum  now  usually  attained, 
almost  quite  free  from  oxygen,  and  in  this  state  it 
was  particularly  liable  to  absorb  a  further  quantity 
when  exposed   to   the   atmosphere,   even  for   short 
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periods.  Some  time  ago  tests  were  made  at  Green- 
wich to  determine  the  amount  of  oxygen  present  in 
the  condensate  from  one  of  the  turbine  sets,  and 
the  following  figures  were  obtained  from  samples 
taken  at  the  points  given  :  — 

Dissolved  oxygen. 
Lb.  per 
Temperature  Cm3  per    million 

of  water  °F.     litre.       gallons.  Saturation 

Condensate  at —  Per  cent. 

(1)  Lea  Recorder  Inlet             "0             0-136          19  1-6 

(2)  Lea  Recorder  Outlet           70              214            30  26-2 

(3)  Feed-heater    Outlet         133              3-82          54-6  910 

(4)  Hot-well..          ..             110              4-22          60-3  93-3 

In  taking  tests  to  determine  the  amount  of  oxygen 
present  in  condensate  from  various  sets,  it  had  been 
found  that,  in  the  case  of  Edwards'  air-pumps,  deal- 
ing both  with  air  and  water,  the  condensate  was 
frequently  found  to  be  super-saturated  with  oxygen, 
while  in  the  ease  of  sets  where  the  air  and  con- 
densates were  dealt  with  by  separate  pumps,  the 
amount  of  oxygen  present  in  the  condensate  was 
almost  negligible.  The  difficulty  of  storing  water 
free  from  air,  and  at  the  same  time  allowing  for 
considerable  variation  in  level,  was  readily 
apparent,  and  the  writer  would  be  glad  if  M. 
Kestner  could  indicate  in  what  way  he  proposed  to 
provide  for  suitable  hot-well  capacity,  such  as  was 
required  in  large  power-stations. 

M.  Paul  Kestner  wrote  that  modern  research  in 
the  metallurgy  of  iron  and  steel  had  been  chiefly 
directed  to  improve  their  physical  and  mechanical 
resistance,  and  it  was  noticeable  that  this  had 
been  at  the  expense  of  their  chemical  resistance. 
Steel,  which  replaced  wrought-iron  everywhere  to- 
day, had  a  much  lower  resistance  to  chemical 
reagents  and  the  atmosphere  than  the  latter,  and 
there  were  wrought-iron  fire-bars  forged  in  the 
eighteenth  century  which  were  still  in  a  perfect 
state  of  preservation.  There  could  be  seen,  in  sugar 
factories  in  the  Colonies,  rails  and  rolling  stock 
made  at  the  beginning  of  the  sugar  industry  which 
were    still     doing    good    service,     whilst    similar 


material  of  recent  origin  had  rusted  after  a  very 
few    Mars'  use. 
Referring  to  Professor   Hinchley's  remarks,  the 

material  used  in  degassers  was  not  manganese  cast- 
iron  hut  manganese  steel,  cast-iron  not  being 
readily  oxidisahle  when  exposed  to  the  air.  The 
presence  of  graphitic  carbon  in  general  indicated 
a  feebly  oxidisahle  substance,  even  in  the  presence 
of  manganese.  Manganese  steel  in  which  the  carbon 
was  in  the  combined  state  was  most  favourable  for 
oxidation.  In  addition,  it  would  be  impossible  to 
obtain  very  long  and  thin  turnings  if  manganese 
cast-iron  were  used.  There  were  no  traces  of 
sulphur  in  the  turnings  used. 

Replying  to  Mr.  Arthur  Spyer,  good  results  could 
not  be  obtained  if  ordinary  turnings  were  employed, 
as  they  tended  to  pack  and  channels  were  formed. 
Special  turnings  were  therefore  used  made  in  the 
form  of  ribbon  from  4  feet  to  5  feet  long.  These  gave 
a  very  homogeneous  mass  and  had  proved  quite  suc- 
cessful in  practice.  By  the  old  process  it  was  found 
that  the  turnings  were  used  up  and  collected  in 
heaps;  the  fillings  also  broke  and  crumbled  on 
becoming  rusty.  Washing  broke  them  still  further, 
and  the  rust  made  them  less  able  to  absorb  the 
oxygen.  In  the  process  of  regeneration  this  was 
avoided ;  the  mass  kept  its  reducing  properties 
sensibly  constant  until  completely  used  up. 

The  distilled  water  produced  in  evaporators  had 
the  same  oxygen  content  as  the  water  before  distil- 
lation, owing  to  the  oxygen  remaining  in  the 
vapour.  This  must  therefore  be  degassed  within 
the  same  limits  as  other  boiler  feed-water.  If  it 
were  desired  to  avoid  concentration  in  the  boilers, 
the  blow-down  must  be  taken  into  account,  parti- 
cularly where  boilers  were  using  purified  water  only, 
without  return  of  condensed  water,  as  the  boiler 
feed-water,  after  its  passage  through  the  purifier, 
contained  soluble  salts.  These  consisted  of  soda, 
sulphate  of  soda,  and  chloride  of  sodium.  In  general 
carbonate  of  soda  was  present  in  the  greatest  quan- 
tity; sulphate  of  soda  only  existed  to  any  amount 
in  water  of  great  permanent  hardness,  and  the 
chloride  of  sodium  only  existed  in  water  which 
contained  it  originally,  or  which  contained  chloride 
of  magnesium.  In  all  purified  waters  there  was 
carbonate  of  lime  in  solution,  concentrated  to 
saturation  point  at  the  temperature  at  which  puri- 
fication took  place.  All  these  salts  concentrated  in 
the  boiler  except  the  carbonate  of  soda,  which  con- 
centration was  limited  by  the  continuous  blow- 
down,  and  the  carbonate  of  calcium,  whose  solu- 
bility was  low  and  could  not  exceed  its  saturation 
at  the  boiler  temperature.  The  latter  salt  gave 
rise  to  the  formation  of  muds  which  were  removed 
by  the  continuous  blow-down  and  deposited  in  the 
purifier ;  thus  there  remained  sulphate  of  soda  and 
chloride  of  sodium.  These  salts  concentrated  until 
they  were  deposited  in  the  purifier,  due  to  the 
difference  of  solubility  at  the  different  temperatures 
obtaining  in  the  boiler  and  purifier,  these  deposits 
being  in  proportion  to  the  difference  of  saturation 
percentages  at  the  two  temperatures.  This  con- 
centration represented  for  each  of  these  two  salts 
more  than  300  grammes  per  litere.  Such  an  in- 
crease would  produce  mud  in  the  boilers  and  an 
elevation  of  the  boiling  point;  thus  it  must  be 
avoided. 

Mud  was  produced  in  the  boilers  from  the 
moment  that  a  certain  limit  of  viscosity  was  passed; 
and  the  latter  was  a  function  of  the  concentration 
and  the  temperature.  The  elevation  of  boiling 
point  followed  the  Raoult's  law.  If  one  exter- 
polated  for  the  saturation  concentrations,  and 
applied  the  formula 

T_520X_C 
M 

C   being  the  concentration,   and   M  the   molecular 
weight  of  salt  dissolved,  then  it  was  found  for  a 
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concentration  of  1  percent.  :m  increase  of  0*088  and 
for  30  per  cent.  204.  The  elevation  of  boiling 
point  corresponded  to  a  very  slight  diminution  ot 
vapour  tension  and  did  not  sensibly  affect  evapora- 
tion in  the  boilers.  In  practice  it  was  found  im- 
possible  to  obtain  perfectly  dry  steam,  and.  if  the 
concentration  in  the  boiler  were  raised,  the  water- 
entrained  by  the  steam  would  contain  a  larger 
quantity  of  dissolved  salts  and  thus  a  larger  quan- 
tity in  the  condensed  water.  The  presence  of  these 
salts  in  the  steam  was  apt  to  deposit  sediment  in 
the  tubes  of  the  superheaters  and  to  attack  the 
turbine  blading.  The  concentration  in  the  boilers 
must  therefore  be  limited,  the  maximum  depending 
on  the  initial  concentration  of  dissolved  salts  in  the 
purified  water,  and  this  limit  was  again  dependent 
upon  the  type  of  boiler. 

It  has  just  been  shown  that  there  are  numerous 
physical  reasons  for  avoiding  concentration  in 
boilers;  but  on  the  other  hand,  reasons  of  a 
chemical  nature  opposed  too  low  concentrations. 
The  work  of  Friend  and  Brown  and  Heyn  and 
Bauer  had  proved  that  there  existed  for  each  salt 
critical  low  concentrations  for  which  the  attack  of 
the  iron  was  a  maximum,  and  that  this  attack 
diminished  sensibly  lor  higher  concentrations. 
For  carbonate  of  soda  a  concentration  was  rapidly 
reached,  not  only  where  the  attack  of  the  iron  was 
stopped,  but  even  where  the  soda  protected  the 
metal  against  the  action  of  other  salts;  whilst  the 
action  of  chloride  and  sulphate  of  soda  decreased 
proportionately  with  the  concentration,  but  at 
saturation  point  it  was  still  appreciable.  It  was 
necessary,  according  to  the  above-mentioned 
authors,  that  the  soda  should  reach  a  concentration 
in  the  boiler  of  more  than  1  per  cent.,  and  it  could 
he  affirmed  that  for  concentration  of  1  per  cent. 
the  corrosive  action  of  the  other  salts  was  sensibly 
lessened.  This  latter  case  corresponded  with  that 
obtained  with  continuous  blow-down.  To  sum  up, 
in  the  case  of  purification  by  continuous  blow-down, 
the  limitation  of  concentration  in  the  boilers  ought 
to  be  governed  by  physical  reasons  and  be  deter- 
mined quantitatively  for  each  case. 

There  were  two  methods,  chemical  and  physical, 
for  limiting  the  salt  content  in  boilers:  — 

The  Chemical  method  applied  particularly  to 
waters  rich  in  sulphate  of  calcium.  It  consisted  of 
introducing  in  the  purifier  carbonate  of  baryta 
which,  by  double  decomposition  with  the  sulphate 
of  calcium,  gave  carbonate  of  calcium  and  sulphate 
of  baryta.  The  two  latter  salts  were  extremely  in- 
soluble, and  allowed  complete  elimination  of  the 
sulphate  of  calcium.  No  method  was  at  present 
known  for  the  elimination  of  chloride  of  sodium. 

The  Physical  method  was  the  simple  one  of  blow- 
ing down  the  boilers  periodically.  The  concentra- 
tion in  the  boilers  obviously  would  not  increase  if 
the  quantity  of  salt  which  entered  in  a  day  was 
equal  to  that  which  was  blown  down  in  the  same 
time. 

Let  N  be  the  number  of  cubic  metres  of  ran-  water 
introduced  in  the  boiler  in   twenty-four 
hours. 
c    the    concentration     of    the    raw    water     in 

grammes  of  salts  per  cubic  metre. 
V  the  volume  of  the  boiler  in  cubic  metres. 
C   the  concentration  limit  of  the  salts  in  the 
boiler  in  grammes  per  cubic  metre. 

—  the    fraction    of   the    volume   of    the    boiler 
P  . 

emptied    by    the    purge    in    twenty-four 
hours. 
The  quantity  of  salts  entering  the  boiler   for 
twentv-four  hours  is 
Ne. 
The  quantity  of  salts  eliminated  in  twenty-four 
hours  is  l 

VC  X  — . 
P 


Let  these  quantities  be  equated,  then 
1 
Nc  =  CV— . 
/' 
The   concentration    ('   found    in    the   boiler   at 
equilibriums  will  he 
Ncp 


C  = 


N 


Note  that  ==  is  the  number  of  boilers  filled  per 
day  with  the  raw  water 

N 
Let  A  =  — , 

V 
then  C  =  cxAx;>. 

The  final  concentration  of  the  boiler  would  then  be 
equal  to  the  product  of  the  concentration  of  the  raw 
water  by  the  number  of  boilers  of  raw  water  evapo- 
rated per  twenty-four  hours  and  by  the  number  of 
blow-downs  necessary  to  empty  the  contents  of  one 
boiler.  In  other  words,  it  is  proportionate  to  the 
concentration  of  the  raw  water  by  the  output  of  the 
boiler,  and  inversely  to  the  quantity  of  the  blow- 
down. 

The  preceding  calculation  enabled  the  following 
curve  to  be  drawn,  Fig.  21.  It  was  thus  seen  that  the 
concentrations  might  be  limited  without  important 
losses  of  hot  water,  and  blowing  down  was  not 
so  important  a  factor  where  the  salt  content  in  the 
water  was  low.  The  installations  most  unfavourable 
were  those  which  evaporated  purified  water  and 
which  did  not  recover  the  condensed  steam.  In 
those  cases  where  the  condensed  steam  was  reintro- 
duced into  the  boiler,  it  was  only  necessary  to  blow 
down  a  small  quantity.  Boilers  using  distilled 
water  similarly  only  blew  down  a  very  small  per- 
centage, since  the  distilled  water  contained  a  very 
small  quantity  of  salts.  It  had  been  found  that  con- 
tinuous blow-down  was  the  least  costly  method  of 
purification,  as  much  on  account  of  the  price  of  the 
plant  as  of  their  running  cost.  Added  to  these 
advantages  was  the  fact  that  no  incrustations  were 
formed  in  the  boiler  and  that  consequently  cleaning 
was  unnecessary.  Galvanic  action  did  not  appear  to 
play  any  large  part  in  the  corrosion  of  boilers. 

In  reply  to  Mr.  R.  W.  Bailey  the  Author 
stated  that  the  employment  of  the  special 
ribbon  gave  excellent  results,  and  did  not  allow  of 
short  circuits  or  channelling  (see  reply  to  Mr. 
Spyer).  The  average  relationship  established 
between  the  speed  of  degassing  at  low  and  high 
temperatures  was  shown  on  Fig  13.  So  many 
factors  intervened  that  it  was  impossible 
to  obtain  a  general  formula,  and  relationships 
could  only  be  established  for  particular  cases. 
Tests  had  been  made  on  expanded  metal,  but  the 
net  cost  was  about  three  times  that  of  iron  turnings 
for  the  same  output,  and  for  the  same  weight  the 
turnings  had  a  surface  about  four  times  greater. 

With  reference  to  Professor  Donnan's  remarks, 
chemical  degassing  was  inapplicable  to  drink- 
ing water;  the  corrosion  in  town's  water  pipes 
must  be  overcome,  either  by  the  action  of  an 
incrusting  coating  by  a  lining  of  cement  in  the  iron 
piping,  or  by  usincj  armoured  cement  feeders. 

In  reply  to  Professor  Brame.  the  Author  stated 
that  what  took  place  in  a  boiler  at  200°  C.  could 
not  be  observed  ;  but  when  it  was  opened,  rust  was 
found  as  a  result  of  the  attack  of  the  iron.  It  was 
probable  that  others  had  ascertained  the  trans- 
formation of  the  oxides  of  iron.  Without  referring 
to  Gmelin  or  to  Hermes,  references  would  be  found 
in  the  most  recent  works  and  more  on  a  level  with 
actual  experience  (see  Bibliography,  page  360 — 
article  of  Von  Siegmon).  All  possible  products 
between  FeO  and  Fe203  and  their  hydrates  were 
produced  in  this  blackish-green  oxide.  The  product 
that    had    been    examined    had    a    percentage    of 
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oxygen  which  diil  not   corrcsp 1  cither  to  one  of 

tin-  cixiilcs  or  imi'  of  the  hydrates.  In  other  cases, 
different  results  had  been  obtained.  It  seemed 
that  the  temperature  played  a  great  part  in  the 
degree  of  oxidation  of  the  final  product.  At  the 
present  moment  researches  had  not  been  finished  on 
the  subject  of  this  state  of  oxidation  of  the  iron. 

With   regard  to  the  subject  of  chloride  of  mag- 
nesium, it  had  not  been  found  that  a  small  amount 

Concentration  in  grammes  per  litre. 
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No.  of  boilers  of  raw  water  evaporated  daily. 

Fig.  21. 

Concentration  limit  of  water  from  boilers  for  the  water 

circulation  containing  0-1  gramme  per  litre,  of  dissolved 

salt. 

of  soda  in  the  water  modified  the  action.  It  was 
thought  this  was  due  to  the  very  great  oxidisable 
properties  of  the  iron  turnings. 

In  reply  to  Mr.  Bailey's  communication,  irregu- 
larity or    "  spottiness  "   had   never   been   observed 


in  the  layer  of  oxide  in  digasscrs  where  iron  turn- 
ings were  used;  it  always  had  a  very  uniform 
colour.  Degassing  by  atomising  the  water  in  a 
space  containing  steam  could  only  give  rood  results 
by  aspirating  with  a  pump  the  gases  and  steam 
which  were  in  contact  with  the  water.  This  was 
done  in  the  Elliott  process  by  the  use  of  a  high 
vacuum  and  vaporisation  of  the  water  which  had, 
under  this  small  pressure,  an  almost  explosive 
transformation  into  steam.  The  extraction  of  the 
steam  necessitated  a  powerful  pump;  the  condensed 
steam  contained  air  which  had  to  be  eliminated. 
If  it  were  sent  again  through  the  plant,  a  continual 
enrichment  in  air  was  produced  in  the  water  to  be 
degassed.  There  was  no  doubt  that  good  results 
had  been  obtained  by  this  process,  but  it  was  open 
to  the  following  objections:  — 

(1)  It  was  difficult  to  obtain  sufficient  vacuum 
when  the  amount  of  water  to  be  degassed  was  large. 

(2)  In  this  plant,  where  the  water  and  the  steam 
were  under  a  very  reduced  pressure,  particularly 
so  in  the  water  extraction  pump,  a  very  small  leak 
sufficed  to  destroy  the  effect  of  the  degassing. 

In  regard  to  the  communication  by  Messrs.  Coste 
and    Powney,    the    facts  quoted   on   the  subject  of 
sulphate    of    calcium   were   known;   that   was   why 
in    the   text   it  was    stated    that    the    diminution 
of  solubility  of  the  CaSOi  produced  by  the  elevation 
,  of   temperature   was   of   very    little    importance    in 
that   case.       The   reference   quoted  on   the  subject 
|  of  MgCIa  was  not  known,   but  there  had   been  no 
j,  cases  observed  of  corrosion  by  chloride  of  magne- 
sium where  the  water  was  alkaline ;  but  there  were 
I  numerous  examples  in  the  case  of  collieries  where 
;  the  water  was  neutral,  or  slightly  acid.       On  the 
'  other  hand,  it  was  not  contended  that  purification 
i  by  soda  alone  was  better  than  by  lime  and  soda ;  the 
L  point  being  that,  in  the  particular  case  of  continu- 
;  ous    blow-down,     purification    by    soda    was    more 
|  advantageous. 

As  to  the  condensed  water  regaining  oxygen,  it 

j  was  very  difficult  to  avoid  in  an  ordinary  or  even 

specially    made   circuit ;    pumps    and    hot-wells    of 

variable  level  were   also  causes  of  air  re-entering. 

The  question  was  solved  in  the  following  way:  — 

(1)  Maintain  a  small  pressure  in  the  total  water 
circuit;  thus  leaks  could  only  take  place  from  the 
interior  to  the  exterior.  All  pumps  should  be  under 
load  as  much  as  possible ;  thus  there  could  be  no 
re-entering  of  air. 

(2)  The  degasser  was  under  load  and  placed  imme- 
diately in  front  of  the  feed-pump. 

(3)  For  hot-wells  of  variable  level  in  the  circuit 
type  there  was  always  feed-water  at  high  tempera- 
ture; thus  a  cushion  of  steam  could  be  maintained 
over  this  water  to  create  pressure  in  the  space  of 
hot-well  not  filled  by  water  and  to  avoid  re-entering 
of  air.  The  special  hot-wells  were  combined  with  a 
degassing  device  placed  therein,  which  removed  the 
oxygen  from  the  water  before  it  left  the  hot-well ; 
thus  there  could  be  large  variations  in  the  demand 
for  water. 

As  for  elimination  of  gases  from  the  water  by 
boiling,  it  must  be  remarked  that  this  only  took 
place  completely  by  prolonged  boiling,  and  that  it 
would  be  impossible  industrially  to  degass  by  such 
boiling,  which  would  necessitate  removal  of  an 
important  quantity  of  water  at  the  same  time  as  the 
gas.  An  equilibrium  was  established  between  the 
partial  pressure  of  the  oxygen  in  the  steam  of  the 
oxygen  content  of  the  water ;  in  order  that  this 
should  be  nil,  the  steam  must  be  pure.  It  must  be 
noted  that  the  oxygen  content  of  the  water  was 
infinitely  small  in  comparison  with  the  volume  of 
steam  that  this  water  represented. 

Continuous  blow-down  was  the  cheapest  process, 
and  if  it  were  a  question  of  particularly  difficult 
cases,  as  Mr.  Jackson  indicated,  it  was  generally 
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advisable  to  apply  it  throughout.  Continuous  blow- 
down  had  the  one  aim  oi  avoiding  calcareous  pre- 
cipitation in  the  boilers,  h  was  ii'>t  a  question  oi 
attaining  concentrations  or  sulphate  "I  soda,  for 
example,  would  be  precipitated,  bu1  only  of  limiting 
the  concentration  oi  carbonate  of  soda  and  produc- 
ing precipitation  in  the  purifier  by  difference  in 
temperature  of  part  of  the  CaCoj  oi  the  blow-down. 
With  regard  to  Mr.  Riviere's  remarks,  the 
question  of  purification  ought  not  to  be  considered 
only  from  the  point  oi  view  oi  centra]  stations  where 
98  per  cent,  of  condensed  water  was  recovered,  but 
From  that  of  the  more  numerous  works  using 
purified  water  only,  which  did  not  recover  their  con- 
densed water  or  use  it  for  other  purposes  than 
feeding  the  boilers. 
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ADDENDUM. 


Since  Mons.  Kestner's  paper  was  given  in  London 
on  March  4.  1921.  the  Kestner  system  of  boiler 
feed  water  purification  and  degassing  has  fully 
proved  its  worth  in  operation,  often  under  exact- 
ing conditions.  As  an  example,  the  installation 
at  the  325,000  k.w.  power  station  at  Genne- 
villiers.  near  Paris,  may  be  taken.  At  this  station 
the  complete  Kestner  system  of  purification,  with 
continuous  blow-down  and  degassing,  has  now  been 
in  operation  since  January.  1922,  and  the  results 
obtained  have  fully  justified  its  adoption. 

The  water  supply  is  obtained  from  the  Seine,  and 
has  an  average  hardness  of  17°.  After  purification 
this  is  reduced  to  an  average  figure  of  0'77.  The 
type  of  purifier  installed  i-  illustrated  in  Fig.  1. 

The  results  of  tests  taken  of  the  dissolved 
oxygen  present  in  the  water  showed  that  after  pass- 
ing through  the  Kestner  degassers  it  was  reduced 
to  a  figure  which  lay  between  one  and  two  parts  in 
ten  thousand  bv  volume. 


The  boilers  are  fitted  with  Kestner  steel 
economisers,  Dieterlen 's  patent.  These  are  of  an 
original  design  in  which  an  extremely  high  rate  of 
heat  transfer  and  consequently  low  exit  tempera- 
ture of  the  flue  gases  are  obtained.  In  order  to 
examine  the  economiser  tubes  several  of  these  were 
taken  out  and  cut  longitudinally,  thus  exposing  to 
view-  the  inner  surface  for  a  considerable  length. 
This  inspection  showed  that  although  the  econo- 
miser had  been  in  commission  for  a  period  of  oyer 
twelve  months  not  the  slightest  sign  of  corrosion 
was  visible. 

(1)  Section  of  Kestner  cylindrical  type  degasser. 

(2)  Degassers  assembled  in  shops  before  despatch. 

(3)  and  (4)  Kestner  water  purifier  for  small  out- 

puts, 200—3000  gallons  per  hour. 

(5)  Outside  view  of  same. 

(6)  Sectional  view  of  cylindrical  type  purifier  hav- 

ing a  capacity  of  13,500  gallons  per  hour. 

(7)  Outside  view  of  same. 


Fig.   1. 
of  Kestner  cylindrical  type  degasser 
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Fig.  2. 

Degassi  rs  assembled  in  shops  before  despatch. 
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Figs.  3  and  4. 
Kestner  water  purifier  for  small  outputs,  200-3000  gallons  per  hour. 
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Fig.  6. 


uifier,  having  a 
capacity  of  13,500  gattona  p.  r  Aour. 


Fig.  7. 
Outside  view  of  same. 
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POTENTIAL    DEVELOPMENTS    IN 
REFRIGERATION. 

By    Dr.    W.    R.    ORMANDY    and    E.    C.    CRAVEN. 

(A  paper  read  at  a  Joint  Meeting  of  the  Chemical  Engineering  Group  with  the  Glasgow  Section  of 
the  Society  of  Chemical  Industry,  at  The  Institution  of  Shipbuilders  and  Engineers,  39,  Elmbank 
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Although  many  means  have  been  proposed  for  the 
commercial  production  of  low  temperatures,  those 
now  commercially  employed  are  comparatively  few 
111  number.  We  can  divide  refrigeration  machinery 
broadly  into  two  classes — compression  and  absorp- 
tion machines.  The  compression  machines  generally 
employ  carbon  dioxide,  sulphur  dioxide,  ammonia 
or  ethyl  chloride,  whereas  the  absorption  machines 
are  practically  confined  to  the  use  of  ammonia  gas 
in  conjunction  with  water. 

The  bulk  of  the  refrigerating  work  of  the  world 
is  carried  out  by  carbon  dioxide  and /or  ammonia 
compression  plants.  The  carbon  dioxide  plant  works 
at  a  very  high  pressure  and  is  capable  of  producing 
very  low  temperatures,  but  the  efficiency  diminishes 
very  rapidly  with  increase  in  the  temperature  of 
the  condenser  water.  The  ammonia  compressor 
plant  runs  at  a  much  lower  average  pressure  than 
the  carbon  dioxide  plant,  and  its  efficiency  is  not 
reduced  to  the  same  extent  by  variation  in  the 
temperature  of  the  condenser  water.  The  carbon 
dioxide  compression  plant  is  not  employed  in  naval 
work,  since  a  war  vessel  might  be  sent  at  short 
notice,  say,  from  the  North  Sea  to  the  Red  Sea,  and 
the  temperature  of  the  circulating  water  in  the  Red 
Sea  would  make  the  use  of  the  CO2  plant  practically 
impossible.  Most  navies  refuse  to  employ  the 
ammonia  compression  plant  owing  to  the  great 
danger  of  a  breakdown  accompanied  by  le-akage  of 
the  ammonia  gas  into  the  confined  spaces  of  the 
ship.  It  is,  of  course  customary  for  the  manufac- 
turers to  state  that  ammonia  plants  do  not  leak,  but 
in  practice  leakages  always  occur  some  time  or 
another,  and  generally,  to  a  smaller  degree,  most  of 
the  time.  Many  navies  use  the  ethyl  chloride  com- 
pression plant  in  spite  of  its  somewhat  lower 
efficiency  and  the  larger  size  of  plant  necessarily 
employed.  The  lower  pressure  diminishes  the 
chance  of  leakage  and  the  gas  which  is  set  free,  due 
to  leakage,  is  not  so  obnoxious  as  is  ammonia,  but 
it  has  the  drawback  that  the  vapour  and  air  form 
a  combustible  mixture. 

The  sulphur  dioxide  compression  plant  has  largely 
gone  out  of  use. 

The  absorption  type  of  plant  has  hitherto  made 
use  of  the  rapid  solubility  of  ammonia  gas  in 
water.  The  principle  is  simple,  but  to  carry  it  out 
economically  requires  a  somewhat  complicated  plant, 
and  these  complications  are  primarily  brought  about 
by  the  fact  that  on  heating  the  watery  solution  of 
ammonia  to  drive  off  the  ammonia  gas,  it  is  im- 
possible to  avoid  driving  off  water  vapour  at  the 


same  time,  and  most  of  the  complications  are 
brought  about  in  handling  of  the  residual  and  dis- 
tillate liquors. 

A  considerable  number  of  years  ago  the  facts  that 
solid  ammonium  nitrate  absorbs  ammonia  rapidly 
and  is  thereby  converted  into  liquid  compound  was 
suggested  as  the  possible  basis  of  an  absorption  ice 
machine,  and  much  money  and  effort  was  spent  in 
endeavours  to  carry  the  idea  into  practice.  It  was 
found  that  commercially  dry  ammonium  nitrate  did 
absorb  ammonia  gas  with  great  avidity  and  to  the 
extent  of  something  like  33%  of  its  weight  at 
ordinary  temperatures.  The  liquid  compound  of 
ammonium  nitrate  and  ammonia  so  produced,  when 
heated  to  100°  C,  gave  off  its  ammonia  against  a 
back  pressure  sufficient  to  bring  about  liquefaction 
of  the  ammonia  gas.  As  this  reaction  took  place 
without  any  of  the  ammonium  nitrate  being  decom- 
posed or  carried  over  with  the  gas,  it  appeared  to 
have  all  the  essential  requisites  for  a  satisfactory 
refrigeration  process.  Continual  work,  however, 
proved  that  the  matter  was  not  quite  so  simple  as 
it  appeared.  There  were  conditions  under  which 
the  amount  of  ammonia  absorbed  was  insufficient  to 
enable  the  process  to  be  carried  out  commercially. 

Before  anything  could  be  done  towards  the  tech- 
nical design  of  an  adequate  plant,  the  physio- 
chemical  data  in  relation  to  ammonia  and  ammo- 
nium nitrate  compounds  were  obviously  requisite ; 
the  curves  and  data  sheets  which  follow  record 
some  of  the  work  done  to  obtain  this  necessary 
information. 

Practical  Considerations. 
If  ammonium  nitrate  is  to  be  employed  as  the 
absorbent  for  ammonia  in  a  technical  plant,  the 
most  obvious  course  is  to  make  the  vessel  containing 
the  ammonium  nitrate  into  an  absorber  and  a 
generator  alternately.  An  ammonium  nitrate  which 
is  solid  to  commence  with  becomes  liquid  during  the 
operation,  and  the  ammonium  nitrate  crystals  are 
heavier  than  the  liquid  double  compound,  the  rate 
of  absorption  becomes  very  slow,  for  the  ammonium 
nitrate  crystals  are  protected  by  the  liquid  layer 
above  them.  To  overcome  this  difficulty  agitation 
of  the  contents  is  desirable,  and  the  first  commercial 
plants  consisted  of  rotary  cylinders  having  coils  in 
the  interior,  through  which  steam  or  cooling  water 
could  be  passed,  according  as  the  cylinder  was  to 
serve  as  a  generator  or  absorber.  In  order  that  the 
process  might  be  continuous,  at  least  two,  and  pre- 
ferably  three,   such   vessels   have   to    be   employed. 
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Commercial  plants  working  on  these  lines  have  been 
manufactured  and  have,  on  a  two-ton  plant,  given 
26  to  30  tons  of  ieo  per  ton  of  coal  employed. 

It  is  very  obvious  that  the  use  of  rotary  horizontal 
cylinders  introduces  undesirable  complications,  and 
efforts  were  made  to  carry  out  the  process  in  a 
stationary  plant  containing  no  moving  parts. 

In  the  literature  little  is  to  lie  found  regarding 
the  compounds  of  ammonium  nitrate  and  ammonia, 
and  certainly  not  nearly  enough  to  form  a  basis 
upon  which  to  design  a  commercial  unit.  It  was 
iary  to  make  a  thorough  investigation  of  the 
interaction  between  NHtXOa  and  XH3  both  from  the 
chemical  and  the  physical  standpoint. 

As  is  well  known,  ammonia  has  the  property  ot 
forming  compounds  with  many  salts  by  direct 
addition.  With  calcium  chloride,  for  example, 
compounds  containing  2,  4,  and  8  molecules  of  N  II  i 
are  formed.  With  aluminium  chloride  compounds 
with  1,  3.  5,  6,  and  9  molecules  have  been  reported. 
The  compound  with  silver  chloride  will  ever  remain 
notable,  since  by  the  aid  of  this  compound  Paradaj 
succeeded  in  liquefying  ammonia  in  1823.  The 
equilibrium  pressures  for  the  two  silver  chloride 
compounds,  2AgC1.3NHa  and  AgC1.3XH3.  have  been 
determined  by  Isambert  (Comptes  rend.,  66,  1215, 
and  70,  456),  also  by  Hortsman  (Ber.,  9,  749),  and 
by  other  observers.  It  has  been  shown  that  for 
every  temperature  there  is  a  certain  pressure  at 
which  neither  absorption  nor  evolution  of  ammonia 
occurs,  but  equilibrium  is  established.  This  equi- 
librium pressure  is  independent  of  the  relative 
amounts  of  the  two  compounds  present  and  is  solely 
governed  by  the  presence  of  the  compound  which 
contains  most  ammonia.  The  difference  between 
the  equilibrium  pressures  of  the  two  compounds  at 
any  temperature  is  so  great  that  it  is  not  difficult 
to  study  the  dissociation  relations. 

In  some  cases  however  experiment  has  shown  that 
it  is  almost  impossible  to  determine  equilibrium 
pressures  for  various  temperatures  owing  to  the 
slowness  and  irregularity  of  changes  in  such  pres- 
sures. The  following  figures  selected  from  Wein- 
hold's  work  on  CaCl2.8NH3  (Pogg.  Ann.,  149,  220) 
illustrate  this  point:  — 


and    obtained    the    following  equilibrium    Or    papoui 
pressure  figures:  — 


Temp. 

Equilibrium  pressure 

C. 

mm. 

0 

121 

1.V7 

295 

Temp,  rising    ■ 

17-8 

320 

21-4 

380 

43-4 

1283 

<   21-6 

599 

Temp,  falling 

19-9 

436 

- 

16-3 

310 

I      0 

170 

It  cannot  be  doubted  that  the  great  differences 
between  these  figures  show  that  equilibrium  was  not 
established,  but  was  only  apparent  owing  to  the 
extreme  slowness  of  the  attainment  of  true 
equilibrium. 

In  approaching  the  subject  therefore  of  the  dis- 
sociation pressures  of  other  ammonia  addition 
compounds  we  would  naturally  expect  to  find  a 
definite  temperature-pressure  relation  for  each  com- 
pound formed,  providing  that  the  true  equilibrium 
pressure  was  attained  in  reasonable  time.  The 
compound  however  on  which  we  purposed  working 
has  this  remarkable  difference  from  the  bodies 
already  mentioned,  that  it  is  liquid  at  ordinary 
temperatures.  The  ammonia  nitrate  compound  is 
not  unique  in  this  respect,  ammonium  iodide  and 
bromide,  sodium  iodide,  potassium  sulpho  cyanide. 
and  other  salts  giving  liquid  compounds  with 
ammonia. 

When  ammonia  gas  is  passed  over  cooled  ammon- 
ium nitrate,  a  colourless,  rather  mobile  and  highly 
refractive  liquid  is  formed.  At  atmospheric 
pressure  and  ordinary  temperature  this  liquid  was 
found  by  M.  Troost  (Comptes  rendus  94.  pp.  789) 
to  possess  the  composition  2XH|.N03.3NH3.  He 
determined  the  freezing  point  of  the  liquid  as  22    C. 


Temp. 

'C. 

:<i> 

-26 

—  18 

—  10 
—0 


l'r-  saure. 

mm,  Hg, 

90 

115 

171) 

250 

365 


1  emp. 
C. 

111  1 

14 

18-4 

I'll  s 


Pressure, 
mm.  Hg. 

525 

r.iiu 
715 
765 
930 


It  is  also  stated  that  a  compound  NHt.NO3.3NH3 

appears  to  be  formed  at  lower  temperatures. 

M.  Raoult  (Comptes  rend.  94,  1117)  gives  the 
following  determinations  of  ammonia  absorbed  by 
ammonium  nitrate  at  various  temperatures,  the 
pressure  being  745  mm.  :— r 

Ammonia  Ammonia 

Temp.  absorbed  pel     Temp.  absorbed  per 

•C.  100  XH..XO,.         1.  100NH..NU,. 

0  ..  4S  1  18  ..  32-0 

6  .  .  42  0  24  . .  280 

12  ..  328  30  ..  180 

Kuriloff  (.1.  Russ.  Chem.  Soc.,  25,  pp.  170—192) 
states  that  at  0°  C.  compounds  or  mixtures  contain- 
ing between  27  and  9  parts  of  ammonia  per 
100  parts  ammonium  nitrate,  have  the  same  vapour 
pressure. 

These  few  notes  are  the  main  facts  to  be  found 
in  the  literature  with  reference  to  the  present  work. 

Experimental. 

The  first  experiments  made  in  determining  the 
vapour-pressure  of  the  NH4.NO3/NH3  liquid 
consisted  in  preparing  the  liquid  in  a  light  glass 
tube  which  was  then  introduced  into  a  steel  bomb. 
A  pressure  gauge  of  the  Bourdon  type  was  fitted. 
The  bomb  was  heated  in  a  water  bath  to  various 
temperatures  and  the  pressure  noted.  Various 
sources  of  error  were  found  which  gave  rise  to  bad 
results.    The  errors  arose  from:  — 

1.  Defects  of  gauge. 

2.  Partial  pressure  of  air  in  bomb. 

3.  At  high  pressures,  condensation  of  liquid  NHt 
in  gauge. 

Alter  further  trials  it  was  decided  to  make  a 
series  of  pressure  measurements  not  exceeding 
2J  atmospheres  in  a  glass  apparatus  by  means  of  a 
mercury  column.  The  apparatus  was  arranged  as 
shown  in  the  sketch  for  low  pressure  measurements, 
Fig.  1.     The  nitrate  was  taken  in  the  bulb  A.  and 


t 


.  £A     jcc  . 


*7 


w 


c  —    — 


Apparatus  for  low  pressure  measurements. 
A. — Bulb  with  ktoselguhr  mixture. 

15. — Mercury  manometer  connected  by  wired  on  pressure  tubing. 
C      Batb  with  thei meter,  etc 

Pig.  1. 

dry  NHs  passed  in  by  the  sealed-in  tube.  When 
the  liquid  compound  had  formed  fully,  mercury  was 
poured  in  through  the  tube  of  the  manometer  while 


70 


PROCEEDINGS    OF   THE   CHEMICAL   ENGINEERING    GROUP. 


a  stream  of  NH,  was  passing.  This  precaution 
obviates  the  possibility  Of  any  air  being  carried  into 
the  apparatus  by  the  mercury.  The  NH3  leading- 
111  tube  was  then  sealed.  The  bath  was  heated  to 
various  temperatures  and  the  corresponding  pres- 
sures read  off  from  the  height  of  the  mercury 
column.  With  the  fully  liquid  bodies  equilibrium 
was  observed  to  he  attained  in  a  very  few  minutes, 
and  the  pressure  readings  followed  slight  variations 
in  temperature  with  very  little  lag.  This  shows 
that  we  had  true  equilibrium  conditions  established. 
The  following  results  were  obtained:  — 

(1).                  Height.  Pressure. 

('.            Hg.  mm.  mm. 

15  ..     "  small'  ..  963 

20  .  .        196  .  .  963 

25  .  .        357  . .  1124 

30                548  .  .  1315 

35  ..        745  ..  1522 

40  ..        970  ..  17:17 

45  .  .       1230  .  .  1997 

50  . .       1520  . .  2287 
55 

Some  NH3  was  now  driven  off  from  the  liquid  by 
unsealing  the  tube.     After  repealing  the  following 


curve  was 

taken  :- 

(2). 

Height. 

Pressure. 

•c. 

Hg.  mm. 

mm. 

20 

0 

760 

25 

168 

928 

30 

348 

1108 

35 

554 

1314 

411 

800 

1560 

47. 

1065 

1825 

50 

137.0 

2110 

This  curve  follows  on  well  from  that  given  by 
Troost.  Further  ammonia  was  let  off  till  a  con- 
siderable quantity  of  solid  ammonium  nitrate  had 
separated.     The  following  results  were  obtained:  — 


(3). 

Height. 

;  C. 

Hg.  mm. 

22 

0 

25 

60 

30 

185 

35 

322 

40 

480 

45 

630 

50 

750 

55 

910 

60 

1070 

65 

1190 

70 

1340 

75 

1000 

80 

1010 

These  resi 

Its 

ire  plotted 

Pressure. 

mm. 

765 

825 

950 

1087 

1245 

1395 

1515 

1675 

1835 

1955 

2005 

1765 

1775 


J/w  pressure  curves  of  liquid  bodies  without  kieselguhr. 

(1)  About  3Spts.  SH,  per  100  NH,  NO. 

(2)  ..   30    „  „ 

(3)  „    12     „ 

Graph  1. 


The  following  notes  were  made  during  the  taking 
of  curve  (3),  and  may  serve  to  throw  a  little  light 
on    the  strange   result:  — 

"Pressure  increase  rate  falling  off  after  !•">  C 
Surface  of  liquid  clouds  over.  Pressure  liecomcs 
uncertain.  On  shaking  liquid  pressure  rises  about 
50  mm.,  the  highest  reading  being  taken  in  each 
case.  Ammonium  nitrate  begins  to  float  in  liquid 
55 — 60°  C,  and  is  obviously  dissolving.  At  60°  C. 
a  thick  mush  resulted.  Pressure  varying  15  cms. 
Above  65°  C.  an  almost  dry  looking  porous  mass 
formed  and  pressure  dropped." 

It  was  further  noted  that  on  cooling  down  the 
pressures  were  much  lower  than  at  corresponding 
temperatures  when  heating  up. 

It  seems  impossible  to  avoid  the  conclusion  that 
ammonium  nitrate  heated  with  a  moderate  amount 
of  the  liquid  compound  under  certain  conditions, 
may  pass  into  a  cellular  state  favouring  the  absorp- 
tion of  ammonia,  so  that  the  full  vapour  pressure  of 
the  liquid  compound  is  not  exerted.  This  change 
of  state  is  possibly  connected  with  the  well-known 
transitions  of  crystalline  state  of  ammonium  nitrate 
and  with  the  formation,  as  we  shall  show  later,  of 
a  lower  compound  3NH4.NO3.NH3.  It  was  noted 
that  the  liquid  2NH4.N03.3NH3  compound  heated 
to  30°  C.  at  atmospheric  pressure  leaves  a  dry 
porous  residue  containing  about  5%  of  NH3. 
This  body  on  standing  at  ordinary  temperature  for 
24  hrs.  breaks  down  to  a  crystalline  mass  of 
ammonium  nitrate  wet  with  the  2:3  liquid.  It  is 
possible  that  in  our  experiment  that  at  65 — 70°  C. 
and  the  pressure  stated,  a  similar  change  occurred. 
Moreover,  as  we  shall  also  show  by  further  experi- 
ments, the  porous  mass  of  ammonium  nitrate  left 
after  driving  off  ammonia  from  the  2:3  compound, 
absorbs  ammonia  several  times  as  fast  as  the 
original  crystals  of  nitrate. 

It  was  obvious  that  to  extend  our  pressure 
measurements  over  a  wide  range  of  compositions 
some  method  of  preventing  the  formation  of  the 
porous  variety  of  ammonium  nitrate  would  have  to 
be  adopted.  The  method  adopted  was  furnished  by 
some  unpublished  work  performed  by  one  of  us,  and 
consists  in  absorbing  the  2:3  liquid  compound  in 
kieselguhr  in  such  proportions  that  a  dry  powder  is 
formed.  Owing  to  the  extremely  fine  division  thus 
ensuing,  the  possibility  of  the  formation  of  nitrate 
masses,  porous  or  otherwise,  is  reduced  to  a 
minimum. 

Some  preliminary  experiments  showed  that,  using 
kieselguhr  as  employed  for  dynamite  manufacture, 
suitable  proportions  are :  — 1  part  kieselguhr, 
2  parts  2:3  compound  or  1"5  parts  ammonium 
nitrate.  In  all  subsequent  experiments,  the  kiesel- 
guhr mixtures  were  made  in  this  proportion.  The 
most  convenient  method  for  the  preparation  of  the 
absorptions  was  found  to  be  as  follows  :  — A  weighed 
amount  of  ammonium  nitrate  dried  at  120° — 130°  C. 
is  mixed  with  the  calculated  amount  of  kieselguhr. 
Dry  NH3  is  then  passed  through  the  mixture  so 
that  the  liquid  body  is  absorbed  in  situ  as  fast  as 
it  is  formed. 

Some  of  the  mixture  made  in  this  way  in  an 
apparatus  as  shown  in  Fig.  2  was  heated  to  various 
temperatures  to  determine  the  equilibrium  composi- 
tion under  atmospheric  pressure.  The  usual  correc- 
tions were  applied  to  the  weighings.  It  was 
observed  that  true  equilibrium  was  attained  at  each 
temperature  in  something  under  half  an  hour,  the 
evolution  of  NH3  ceasing  and  slight  fluctuations 
of  the  glycerol  in  the  U  tube  followed  very  closely 
small  variations  in  the  temperature  of  the  bath. 
The  following  results  were  obtained:  — 


Parts  NH, 

per 

Parts  NH,  pe 

0  c. 

100  NH,NO„. 

•c. 

100  NH.NO^ 

13 

38-5 

25 

„           61 

14 

„          37-3 

27 

_.           5-4 

15 

35-4 

30 

„           51 

17 

32-5 

35 

3-5 

19 

~           311 

40 

2-5 

21 

301 

50 

1-8 

23 

25-6 

70 

0-9 
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Apparatus  for  equilibrium  comp./temp.  at  X.P. 
A. — Tulie    with    kieseltiuhr    mixture. 
B. — Bath   aud    thermometer. 
C. — U-tube    with   glycerol. 


Apparatus  for  rate  of  absorption. 
A. — Flask  with  nitrate  or  mixture. 
B.— Bath. 
C. — Glycerol   U-tube. 


Fig.  2. 


The  residue  was  extracted  with  water  and  titrated 
with  standard  acid  and  showed  0"91  parts  NHj  per 
100  parts  NHj.iN03. 

A  repeat  made  on  a  somewhat  smaller  scale  gave 
the  following  results  at  lower  temperatures:  — 


hefore  and  the  tube  sealed  off.  Pressure  tempera- 
ture readings  were  taken.  After  each  set  of 
readings  was  completed,  some  ammonia  was  allowed 
to  escape  and  a  new  set  made.  Thirteen  curves  were 
taken  in  all,  the  figures  being  as  follows:  — 


Parte  XH, 

'C. 

10(1  H~H.NO,. 

0 

50-8 

4 

48-7 

7-5 

42  6 

10 

40-6 

Parts  XH, 

c. 

100  NBT.NO, 

13 

38-2 

20 

30-7 

30 

6-7 

411 

2-7 

(1). 


(2). 


A  curve  constructed  from  these  figures  will  be  found 
on  Graph  J  I.  The  rate  ol  change  of  XH3  content, 
plotted  against  temperature  is  also  shown. 

A  study  of  these  curves  shows  that  definite  breaks 
indicating  new  compounds  occur  around  the  follow- 
ing figures:  — 


C. 

0(?) 

9 
20 


Parts  XH,  per  mi)  XH.XO,. 

50  8  2:5  :.:! 

41.'.  1:2      =      42-5 

311-5  2:3     =      31-9 

5-0  3:1      =        70 


There  can  be  little  doubt  that  the  compounds 
having  the  molecular  ratios  of  nitrate  and  ammonia 
indicated  at  the  side  are  formed.  Considering 
within  what  a  small  range  of  temperature  all  are 
formed  or  decomposed  it  is  probable  that  their 
molecular  weights  are  much  the  same.  This  would 
lead  us  to  suspect  some  such  series  as:  — 

6XH,.X03.2XH3, 

6NH,.X03.9NH3. 

6NH,.X03.12XH3, 

6XH,.X03.15XH(. 

and  perhaps,  according  to  Troost, 
6XH,.X03.18XH3. 

Reverting  again  to  pressure  measurements,  the  low 
pressure  apparatus  was  charged  with  the  nitrate- 
kieselguhr    mixture.      Ammonia    was    passed    in    as 


Pressure. 

•c. 

mm. 

0 

755 

6 

1005 

10 

1145 

15 

1350 

20 

1600 

2.1 

1890 

30 

2200 

3.) 

Pressure. 

'('. 

mm. 

6 

755 

10 

899 

15 

1071 

211 

1295 

25 

1545 

30 

1S2II 

35 

2095 

51. 

13 

760 

20 

952 

2:. 

11411 

30 

13311 

3.-, 

157(1 

40 

1820 

4:. 

2145 

Pressure 

>C. 

mm. 

0 

— 

3 

400 

10 

1015 

15 

1235 

20 

1465 

25 

1750 

30 

2080 

( 

4). 

Pressure 

°C. 

mm. 

9-5   . 

755 

100   . 

— 

15 

925 

20 

1105 

25 

— 

30 

1555 

35 

1815 

40 

2155 

( 

3>a. 

14 

70S 

20 

966 

25 

1147 

30 

1348 

35 

1584 

411 

1840 

45 

2164 

Although  set  out  as  one  series,  these  curves  were 
really  determined  in  two  sets,  1 — 5  and  6a — 13. 
■>  and  6a  represent  the  meeting  points  of  the  two 
sets.  As  they  are  practically  duplicate  (6)a  is 
omitted  from  the  graphed  curves. 


(6); 


(7). 


15 

re: 

17 

767 

20 

911 

20 

847 

25 

10H7 

25 

1030 

30 

1296 

30 

1237 

35 

152S 

35 

1456 

4(1 

17'.I2 

40 

1744 

45 

„ 

2100 

45 

2058 
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Variation  of  composition  with  temperature  at  N.P. 
Broken  curve — M.  Raoult. 

Graph  II. 


(M. 


(9). 


Pressure. 

I'l.  "HIV 

°c. 

mm. 

'C. 

linn. 

21 

767 

24 

767 

25 

884 

25 

797 

30 

1044 

30 

954 

35 

1243 

40 

1332 

40 

14*;; 

50 

1S64 

45 

it:.:. 

55 

2207 

50 

2064 

(10). 

( 

111. 

25-3   . 

767 

28 

7117 

30 

898 

30 

837 

40 

1117 

40 

1037 

60 

1497 

50 

1351 

60 

2119 

60 

1748 

70 

2807 

(1 

2). 

( 

13). 

31 

7117 

4(1 

767 

40 

HliJ 

45 

880 

50 

1259 

50 

1000 

60 

1593 

60 

1275 

70 

1966 

65 

1407 

75 

2213 

70 

15711 

75 

1737 

80 

1902 

nitrate  in   the  liquid  compound   (6:9)   and  to   the 
miseibility  of  the  liquid  compounds. 

By  a  slight  change  in  the  apparatus,  viz.,  the 
substitution  of  a  sealed  for  the  open  manometer 
tube,  we  were  enabled  to  follow  the  pressure  curves 
below  atmospheric  pressure.  The  following  results 
were  obtained  :  — 


(1). 


(2). 


These  curves  have  been  plotted  on  Graph  III, 
and  show  clearly  the  gradual  variation  of  pressure 
with  composition  characteristic  of  the  true  com- 
pound, so  different  from  the  solid  compounds 
considered  at  the  beginning  of  this  paper.  This 
"  damping  "  of  the  sudden  change  of  dissociation 
pressure  in  passing  from  one  compound  to  the  next 
is  no  doubt  due  to  the  solubility  of  the  ammonium 


Pressure. 

Pressure 

•f, 

nun.  Hi.'. 

•c. 

mm.  Hg 

11 

760 

16 

760 

10 

7411 

10 

640 

5 

610 

5 

530 

0 

515 

0 

425 

-  7 

360 

—  7 

310 

12 

320 

-12 

250 

(3). 

4). 

195 

760 

38-5   . 

760 

15 

650 

30 

635 

10 

540 

20 

505 

5 

415 

10 

390 

0 

360 

5 

333 

7 

270 

0 

280 

12 

220 

—  7 

220 

—  12 

180 

(5). 

68 

760 

40 

420 

30 

340 

20 

270 

10 

210 

5 

180 

0 

160 

7 

185 

12 

110 

These  figures  are  also  plotted  on  Graph  III. 
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41 
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3 
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III. 
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per  loo 
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Considering  the  figures  so  far  obtained  with  refer- 
ence to  the  employment  of  ammonium  nitrate  as  an 
absorbing  medium  for  a  refrigerating  machine,  we 
Bee  that  as  regards  the  absorption  end  of  a  refrigera- 
tion cycle  the  temperature  pressure  relations 
include  all  conditions  likely  to  be  met  in  practice. 
On  the  other  hand,  for  the  evolution  end  of  the  cycle 
it  is  necessary  to  extend  the  measurement  of  vapour 
pressure  to  such  pressures  as  are  possessed  by 
liquid  ammonia  at  ordinary  temperatures,  saj  .  12 
atmospheres. 

Being  unable  to  procure  any  accurate  form  of 
gauge  capable  of  measuring  these  pressures,  we  fell 
Back  nn  the  idea  of  measuring  the  compression  of  a 
column  of  air  which  affords  a  measure  of  the  pres- 
sure by  calculation  from  Boyle's  law. 


After  some  trials  the  apparatus  took  the  form 
shown  in  Fig.  3.  The  steel  bomb  was  filled  with 
the  ammonium  nitrate — kieselguhr  mixture,  and 
ammonia  passed  through  at  a  low  temperature. 
The  bomb  was  then  immersed  in  a  bath  at  25°  C.  or 
so.  A  liri-k  evolution  of  .NH3  thus  set  in,  during 
which  evolution  the  capillary  tube  gauge  was  slipped 
into  place.  This  precaution  ensured  that  no  air  was 
left  behind  in  the  bomb. 

A  further  advantage  arising  from  the  use  of  a 
gauge  of  small  capacity  is  that  the  composition  of 
the  mixture  must  remain  practically  the  same  at 
high  and  low  temperatures  owing  to  the  free  space 
being  small. 

The  capillary  tube  was  furnished  with  a  mercury 
thread  some  5  cms.   long  to  serve  as  an  index,   and 
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the  whole  tube  was  enclosed  in  a  steam  jacket  as 
shown.  This  serves  to  prevent  the  condensation  of 
liquid  ammonia  within  the  gauge,  and  also  gives  the 
following  advantages  :  — 

1.  The  air  column  is  kept  at  constant  tempera- 
ture. 

2.  The  air  l>eing  heated  more  nearly  obeys  Boyle's 
Law. 

The  capillary   tube  wa.s  carefully  calibrated   over 
the  entire  length  of  the  bore  in  the  usual  manner. 


f'ZSti  >£& .  r- 


j   '?-.-,.-.- 


i> 


Apparatus  for  high  pressure  measurements. 

A. — Steel  bomb  with  kieselguhr-nitrate  mixture. 
B. — Bath  with  thermometer,  etc. 
C. — Capillary  tube,  steam  jacketed. 

Fig.  3. 

The  correction  thus  found  for  the  length  of  the  air 
space  in  no  case  exceeded  1  %  of  the  length  involved. 
The  length  of  the  air  column  in  the  pressure 
apparatus  was  measured  by  a  simple  form  of 
horizontal  cathetometer.     As  a  rough  check  on  the 


arrangement  and  calibration  of  the  tube  the 
expansion  of  the  air  milium  was  measured  between 

l">°  C.  and  100°  C,  and  gave  the  value  00360  per 
1°  C.  (uncorrected).  The  expansion  of  the  glass 
tube  being  unknown  an  exact  figure  cannot  be 
calculated. 

With    tin'   apparatus    a.s   described,    the   following 
figures  were  obtained:  — 


(1) 

::l  V 

,  NH„ 

(2)  25-5",,  NH,. 

Pressure. 

Pressure 

°c. 

mm.  Hg. 

°C. 

nun.  I1l' 

15 

673 

23 

762 

17 

731 

30 

1015 

20 

si:, 

40 

1400 

30 

1170 

50 

1975 

40 

1635 

60 

2850 

60 

31211 

80 

4980 

80 

.'.sill 

100 

9530 

90 

7420 

95 

8920 

(3) 

6-5% 

NH,. 

(4)  5 

2%  NH,. 

25 

762 

30 

766 

40 

1220 

40 

1015 

60 

2430 

60 

1875 

80 

4240 

80 

3210 

100 

7620 

100 

5230 

100 

8710 

120 

7830 

(5) 

3»°0 

NH,. 

35 

773 

60 

1400 

80 
100 

2260 
3830 

110 

4820 

120 

t'.iiln 

These   curves   are   plotted   on   the    accompanying 
graph.     (Graph  IV.) 


V  1X4 


High   pressure   curves. 
NH,  per  100  Am.   Nitrate. 

(l)  =  31-5.     (2)  =  25-5.     (3)  =  6-5.     (4)  =  5-2.     (5)  =  35. 

Graph  IV. 
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Composition — Temperature  Curves  at  Various  Pleasures  (Absolute)  to   Kleselguhr. 
Graph  V. 


^ 


* 


*u?  •  C 


Je™/>     'C     - 

Graph  VI. 
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Considering  both  sets  of  pressure  curves,  and 
taking  composition  and  temperature  values  as 
co-ordinates,  we  may  ploi  isobars  in  the  field,  as 
show  m  in  Graph  V. 

Is, .liars  are  plotted  for  j.  1,  2,  1.  and  8  atmo- 
spheres. It  will  be  nut  icid  thai  these  are  roughly 
parallel  and  equidistant,  pressure  thus  increasing 
in  geometrical  progression,  while  temperature 
increases  arithmetically,  indicating  a  connecting 
equation  of  hyperbolic  form. 

The  temperature  pressure  figures  themselves  are 
connected  by  an  empirical  expression  of  the  form 
log  P  =  a  log  T  +  B.    The  value  of  <i  remains  constant 


was  shut  off.  The  rate  ot  tall  ui  the  mercury 
column  was  then  noted,  The  weigh!  oi  nitrate 
presenl  being  very  large  in  proportion  to  the  weight 

of  free  iNH:i  the  composite I   bhe  absorbing  mas, 

could  not  have  changed  appreciably  during  this 
period.  A  study  oi  the  curves  thus  obtained  snowed 
that  the  rate  of  absorption  varies  directly  with  the 
pressure  of  NHj  present.  As  this  n  suit  misfit 
have  been  taken  for  grant  d  :i  is  unnecessaiy  to 
elaborate  this  point  further. 

The  result  ol  passing  NH3  at  a  slight  positive 
pressure  over  equal  amounts  of  ammonium  nitrate 
in  various  tonus  is  shown  on  Graph  VII.     It  will  be 


a^NH,   NO,  crystals   alone. 
f>=NH,   NO,   cellular  form. 


Showing  rate  of  absorption  of  NH,. 

Kieselguhr  mixtures. 
a  +  b.     1  kghr.  1-5  NH,  NO,. 
c+d.     1    kghr.    2-25   NH,    NO,. 
Dotted  curves.    2nd  absorption. 

Graph  VII. 


over  the  range  of  liquid  compounds,  but  falls  off 
for  lower  NH3  content  than  that  possessed  by  the 
3:1  compound. 

In  Graph  VI.  the  curve  of  log  P  =  10-S3  Log  T- 
23-8199  is  plotted. 

P  is  in  mm.  mercury  and  T  in  °  C.  absolute. 

The  observed  points  for  the  2:3  compound  are 
marked,  and  show  fair  agreement. 

Rate  of  absorption  of  JNH3: — 

A  few  experiments  have  been  performed  in 
this  direction.  By  attaching  a  manometer  to 
the  high  pressure  bomb  during  the  period  of 
charging  with  NH3,  we  were  able  to  observe  in 
the  following  manner  the  variation  of  the  rate 
of  absorption  with  pressure.  A  moderate  pressure 
of    NH3    having    been    set    up    the    NH3     supply- 


noticed   that   the  cellular  form  of   nitrate  absorbs 
much  more  rapidly  than  the  crystalline. 

The  specific  gravity  of  the  liquid  compounds  has 
been  roughlv  determined.  With  50  parts  NHj  per 
foil  NH3.N03  the  S.G.  is  1"080  at  0°  C,  and  with 
28  parts  NH3  S.G.  is  1T93  at  20°  C. 

The  specific  gravity  at  intermediate  points  follows 
the  relation 

S.G.=1-411-P/100 
where   P=       of  NH3  in  the   mixture. 

If  a  measured  volume  of  the  liquid  bodies  be 
weighed  and  the  NH3  then  gently  boiled  off  it  will  be 
observed  that  for  each  1  c.e.  diminution  in  volume 
a  loss  of  about  0'7  gms.  (695)  of  XH3  will  be 
sustained.    This  seems  to  indicate  that  the  ammonia 
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in  the  compounds  occupies  very  approximately  the 
same  volume  that  it  would  have  if  liquid  and  some- 
what below  its  b.p. 

Below  28  parts  NHa  per  LOO  NHiNOj  the 
product  is  no  longer  entirely  liquid  at  ordinary 
temperatures. 

The  liquid  body  having  the  sp.  gr.  1'193  at  20  C. 
when  cooled  to  10°  C.  had  a  gravity  of  1-209— a 
variation  of  "0016  per  °  C.  Liquid  NH3  at  the 
same  temperature  varies  '0014  per    °  Centigrade, 

Application. 
Generation  >>/  A  // 1. 

Against  hack  pressures  up  to  190  1b.  per  square 
inch  absolute,  i.e.,  cooling  water  at  90°  F.,  all  the 
ammonia-ammonium  nitrate  bodies  containing  over 
6  of  ammonia  are  decomposed  at  a  temperature 
of  230°  F..  i.e.,  steam  at  21  lb.  per  square  inch 
absolute  or  6  lb.  pressure  on  the  gauge.  The  heat 
required  to  drive  off  the  remaining  percentage 
grows  very  rapidly,  and  it  would  he  economically 
unsound  to  attempt  it. 

With  cooling  water  at  76°  F.  (144  lb.  absolute 
back  pressure)  all  the  bodies  over  6  %  NH3  are 
decomposed   below  the  boiling  point  of  water. 

In  order  to  decompose  the  ammonium  nitrate- 
ammonia  compounds,  especially  those  containing 
lower  amounts  of  XH3,  it  is  necessary  to  agitate 
during  the  evolution  period  to  avoid  the  format  ion 
of  layers  or  to  mix  the  compound  with  some  absor- 
bent such  as  kieselguhr.  A  stationary  plant  with- 
out agitation  will  work  with  ammonium  nitrate- 
kieselguhr  in  the  ratio  3:2  by  weight,  provided  the 
cooling  arrangements  in  the  generator  for  the 
absorption  period  are  adequate.  There  is  no  diffi- 
culty during  generation  with  the  absorbent  present. 

Absorption  of  XH3. 

This  portion  of  the  cycle  requires  chief  considera- 
tion. The  efficiency  of  the  plant  as  a  whole  will 
depend  almost  entirely  on  the  proper  utilisation  of 
the  information  contained  on  Graph  II.  The  rate 
of  absorption  will  depend  primarily  on  the  effici- 
ency of  the  mechanical  arrangements  for  removing 
the  heat  of  reaction  between  the  ammonium  nitrate 
and  the  ammonia.  As  the  pressure  rises  in  the 
absorber  the  efficiency  of  the  plant  as  a  whole  falls 
off,  for  the  absorption  of  heat  in  the  expansion 
coils  depends  on  the  difference  of  pressure  between 
the  liquid  ammonia  and  the  absorber  pressure.  On 
the  other  hand  an  increase  of  10  lb.  per  square 
inch  in  pressure  of  NH3  in  the  generator  is  equal 
to  lowering  the  cooling  water  27°  F.  (15°  C),  and 
the  added  rate  of  absorption  and  the  increased 
amount  of  ammonia  absorbed  may  more  than 
compensate  for  the  lowering  of  thermo-dynamic 
efficiency. 

That  the  output  of  the  plant  may  be  doubled, 
due  to  increase  in  the  ammonia  absorbed  by  using 
ice  water  as  the  final  cooling  medium,  is  obvious 
from  the  curves,  but  it  is  quite  possible  that  the 
added  rate  of  absorption  would  add  to  this  in- 
crease in  efficiency.  The  gain  and  loss  due  to  the 
use  of  ice  water  as  a  cooling  agent  can  be  calcu- 
lated except  in  so  far  as  relates  to  the  rate  of 
absorption,  which  can  only  be  experimentally  deter- 
mined on  every  type  of  plant. 

The  density  of  the  kieselguhr-ammonium  nitrate 
mixture  gently  tapped  down  was  found  to  be  0'49 
— a  cubic  foot  of  the  mixture  weighed  494  ozs.,  and 
this    quantity    contained    300    oz.     of     ammonium 
nitrate. 

The  specific  heat  of  the  mixture  was  found  to  be 
024  and  the  heat  conductivity  of  mixture  and  com- 
ponents 

K 

Kieselguhr        0'00031 

Am.   nitrate      0'00043 

The  mixture     000036 


The  ammonium  nitrate  used  passed  1/20  sieve  and 
stopped  uii  1/50  sieve.    Comparison  figures  are  given 

K =0-0004  wood 

0-0005    glass 

o-oooi  wool 

0-0001  paper 

In    order    to    liquefy    1    lb.    of    Nils    gas    at   0°   C. 

under  pressure  about  520  B.Th.C  have  to  be  re- 
moved. In  the  proposed  process  about  3  H>.  of 
ammonium   nitrate   are   used    to    absorb    1    lb.   of 

ammonia,  and  during  this  absorption  the  salt  is 
changed  from  the  solid  crystalline  state  to  the 
liquid  state.  This  alteration  of  state  is  accom- 
panied by  an  absorption  of  about  110  B.Th.U.  per 
pound,  so  that  of  the  520  heat  units  required  to 
condense  the  1  lb.  of  NH3,  330  are  found  by  the 
physical  change  of  state  of  the  absorbing  body. 
Similarly  in  the  evolution  cycle  the  separation  of 
the  salt  in  the  solid  form  provides  330  heat  units 
out  of  the  500  required  to  gasefy  the  liquid 
ammonia.  Against  this  is  to  be  placed  the  heat  of 
combination  of  the  NH3  with  the  NH4NO3,  but  in 
such  unstable  bodies  this  heat  of  combination 
must  he  very  small.  The  figures  attained  in  the 
Seay    trial    plant    were    the    best    evidence   of    the 
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Dotted  Line  =  Ethyl  Chloride.  Xon.  flam.  pat. 

For  gauge  pressure  deduct  14.7  lbs.  or  76  em.  mercury  from  above 
readings. 

Graph  VIII. 

theoretical  possibilities  of  the  process.  The  dis- 
covery that  aluminium  sheeting  is  in  no  wise 
affected  by  either  ammonium  nitrate  or  its  com- 
pounds with  ammonia  was  of  vital  importance,  for 
steel   is  rapidly  corroded. 

The  foregoing  research  gives  information  which, 
points  to  the  possibility  of  constructing  a  plant 
with  no  moving  parts  whatever.  So  long  as 
attempts  were  made  to  absorb  and  generate 
ammonia  gas  in  trays  containing  ammonium 
nitrate,  so  long  was  success  unlikely  owing  to  the 
formation  of  solid  crusts  of  porous  ammonium 
nitrate  and  the  difficulty  of  attaining  equilibrium 
conditions.  In  a  trial  plant  run  on  these  lines 
the  works  experience  was  in  line  with  the  experi- 
mental results  shown  in  Graph  I.     The  use  of  an 
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absorbing  materia]  opens  up  prospects  of  overcom- 
ing these  difficulties. 

In  view  of  the  growing  importance  of  the  pro- 
duction of  synthetic  ami tia  by  the  Haber  pro 

cess  or  some  mollification  thereof,  and  the  difficulty 
oi  removing  the  ammonia  when  formed  from  the 
nitrogen  hydrogen  mixture,  attention  is  drawn  to 

Graph  VI.,  whereon  are  given  the  pressure  tem- 
perature relations  ot  liquid  NHj,  ammonium 
nitrate  containing  'A2  NH,  and  ammonium 
nitrate  with  3"5  NHi.  It  will  be  seen  that  the 
vapour  pressure  of  Nllj  in  the  solid  solution  is 
much  lower — about  \  that  of  liquid  ammonia.  As 
the  NH3  can  be  driven  out  of  the  ammonium 
nitrate  by  low-temperature  heat,  it  would  appear 
that  use  might  be  made  of  the  reactions  in  the 
Haber  process. 

In  the  introductory  remarks  reference  was  made 
to  the  use  of  ethyl  'chloride  in  refrigeration  plants 
for  the  Navy.  The  outstanding  danger  from  these 
plants  has  been  that  of  fire.  It  is  interesting  to 
note  that  Mr.  Henning  has  proposed  the  use  of 
admixtures  of  methyl  bromide  with  ethyl  chloride 
in  such  proportions  that  not  only  is  the  vapour 
non-inflammable,  but  it  is  an  excellent  fire 
extinguisher. 

The  mixture  of  these  two  bodies,  which  have 
boiling  points  of  4'5°  C.  and  12°  C,  are  so  close 
together  that  in  practice  no  fractionation  takes 
place  as  might  have  l>een  feared,  and  the  Graph 
No.  VIII.  shows  the  relative  pressure  temperature 
curves  of  ethyl  chloride  and  the  methyl  bromide- 
ethyl  chloride  mixture. 

The  ability  to  use  the  stored  cylinders  of  liquid 
for  the  supply  of  the  refrigeration  machine  as 
potential  fire  extinguishers  wherewith  to  flood 
ammunition  chambers  is  an  appreciable  advantage. 

Our  thanks  are  due  to  the  Seay  Syndicate  for 
the  generous  way  in  which  they  have  allowed  these 
results  to  be  made  public,  and  also  to  Mr.  Henning 
for  providing  the  data  with  reference  to  the  pres- 
sure temperature  relations  of  ethyl  chloride  and  its 
admixture  with  methyl  bromide. 


Discussion. 

The  Chairman  asked  if  Dr.  Ormandy  could  give 
them  more  particulars  of  the  freedom  from  attack 
of  aluminium  in  ammonium  nitrate  solutions,  as 
during  the  war  in  a  lot  of  work  he  (the  Chairman) 
carried  out  he  found  that  aluminium  was,  under 
certain  conditions,  readily  attacked  by  ammonium 
nitrate. 

Dr.  Caven  said  the  points  he  would  like  to  raise 
were  rather  academic,  and  perhaps  if  curves  had 
been  available  the  matter  would  have  been  quite 
clear.  He  wished  to  ask  what  was  the  actual  nature 
of  the  liquid  produced  when  ammonia  was  absorbed 
by  ammonium  nitrate.  Did  it  consist  simply  of  one 
or  more  of  the  compounds  Dr.  Ormandy  mentioned, 
or  was  it  a  solution  of  ammonium  nitrate  in  liquid 
ammonia.  The  reason  he  asked  the  question  was 
this.  IT  there  was  a  single  curve  of  dissociation 
pressure  the  gaseous  phase  must  be  in  contact  with 
something  quite  definite  in  the  state  of  liquid,  and 
presumably  if  there  were  different  curves  or  curves 
with  kinks  in  them  there  would  be  successive  stages 
of  definiteness,  so  to  speak,  in  the  liquid  phase. 
He  (Dr.  Caven)  would  like  to  know  whether  they 
were  really  dealing  simply  with  ammonia  gas  in 
equilibrium  with  two  compounds,  one  of  which  was 
dissociating  producing  the  other.  That  would 
necessarily  produce  a  definite  curve  with  a  definite 
equation. 

The  other  matter  had  to  do  with  what  the  Chair- 
man had  just  mentioned,  the  question  of  the  action 
of  ammonium  nitrate  upon  aluminium.  He  (Dr. 
Caven)  was  interested  a  few  years  ago  in  some 
experiments    on    ammonium    nitrate    solution.      He 


supposed  it  was  fairly  well  knows  that  ammonium 

nitrate      solution       did       not       attack      aluminium. 

Ammonium  nitrate  solution  could  be  evaporated  in 
an  aluminium  container,  whilst  it  could  not  be 
evaporated  in  an  iron  container  without  very  great 
corrosion.  He  carried  out  experiments  which  made  it 
perfectly  clear  that  corrosion  was  due  to  hydrolysis 

Of  the  ammonium  nitrate,  and  the  action  oi  the 
resulting  hydrolytic  nitric  acid  on  the  iron  with 
accompanying  loss  of  ammonia.  Much  ammonia 
was  lost  from  ammonium  nitrate  solution  when  it 
was  evaporated  from  iron,  and  nothing  lost  when 
evaporated  from  aluminium. 

There  was  one  other  point,  viz..  that  with  regard 
to  the  mixture  of  ethyl-chloride  and  methyl- 
bromide.  It  w:is  very  remarkable  that  this  mixture 
was  a  fire-extinguisher,  while  ethyl-chloride  itself 
gave  rise  to  the  danger  of  fire.  Was  there  any 
explanation  of  that  extraordinary  fact? 

Mr.  Stewart  said  he  had  been  very  interested  in 
the  paper.  It  was  an  example  of  the  application 
of  theory  pure  and  simple  before  large  scale  work, 
and  showed  that  justice  should  be  done  to  the 
theoretical  side  before  embarking  on  large-scale 
practice. 

Mr.  Hii.l  said  there  was  one  question  he  would 
like  to  ask  regarding  nitrate  of  ammonia.  Was 
there  any  possibility  of  the  mixture  gradually 
separating  as  the  process  went  on?  It  occurred 
to  him  that  this  might  probably  happen,  and  if  it 
did  then  the  stationary  plant  would  be  gradually 
put  out  of  action,  and  it  would  be  a  very  difficult 
thing  to  keep  it  in  order. 

Dr.  Ormandy,  replying  to  the  discussion,  said  it 
was  not  necessary  for  him  to  answer  Mr.  Reavell, 
because  the  next  speaker  dealt  with  the  subject. 
Experience  has  shown  that  rolled  aluminium  which 
had  been  turned  in  the  lathe,  after  two  years'  use 
in  a  plant  which  was  continuously  in  contact  with 
ammonium  nitrate  and  ammonia,  at  times  free  and 
at  times  with  the  ammonia  absorbed,  did  not  show 
the  slightest  signs  of  even  surface  corrosion  at  any 
point. 

Dr.  Caven  referred  to  the  nature  of  the  liquid. 
If  one  took  50  ammonium  nitrate-ammonia 
compound  and  heated  it  gradually  the  pressure 
curve  was  perfectly  smooth  and  could  be  expressed 
by  a  simple  equation  of  the  nature  of  the  one  given. 
Investigation  showed,  however,  that  the  rate  of 
absorption  of  ammonia  varied  in  a  peculiar  way 
with  the  temperature,  and  there  would  appear  to  be 
some  reasonable  evidence  for  the  assumption  that 
the  ammonia  and  ammonium  nitrate  really  did 
tend  to  form  a  series  of  compounds  as  the  curves 
illustrating  the  rate  of  absorption  made  pronounced 
changes  in  curvature  at  or  about  the  points  corre- 
sponding to  comparatively  simple  molecular  ratios. 

The  next  point  raised  was  regarding  the  price  of 
methyl-bromide.  He  (Dr.  Ormandy)  thought  ex- 
periment had  shown  that  methyl-bromide  was  four 
times  as  efficient  as  carbon-tetrachloride  for 
extinguishing  a  type  of  fire  which  was  exceedingly 
difficult  to  put  out  by  any  other  means,  and  that 
was  the  inflammation  of  a  highly  volatile  liquid 
such  as  petrol,  benzol,  or  the  like,  and  he  did  not 
think  that  one-fourth  of  the  bulk  of  methyl-bromide 
to-day,  assuming  that  it  was  four  times  as  efficient. 
would  cost  necessarily  more  than  the  larger  bulk  of 
carbon-tetrachloride.  One  of  the  advantages  that 
arose  from  the  use  of  methyl-bromide  was  the  fact 
that  it  boiled  at  such  a  low  temperature,  and  if  it 
were  in  a  vessel  at  ordinary  temperature  it  would 
be  present  in  sufficient  pressure  to  expel  itself  at 
considerable  velocity  and  thus  enable  a  very  simple 
type  of  fire-extinguisher  to  be  made.  It  needs  no 
pressure  generating  apparatus  with  it  the  whole 
time,   and,    moreover,    whether   the   vessel    is   half 
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full  or  one-third  the  pressure  remains  constant. 
It  would  be  foolish  to  BUggest  methyl-bromide  for 
use  on  a  large  scale,  but  only  in  dealing  with 
incipient  fires. 

Regarding  the  effect  of  constant  absorption  and 
emission    from    the    ammonium    nitrate-ammonia 

mixture,  many  experiments  were  made  to  find  out 
what  effect  the  constant  absorption  and  expulsion 
nt  ammonia  would  have  on  the  physical  nature  of 
the  ammonium  nitrate  kieselguhr  absorbent.  After 
many  hundreds  of  alternations  not  the  slightest 
difference  could  be  found  in  the  ordinary  or  micro- 
scopic appearance  of  the  absorbing  body,  and  there 
was  every  reason  to  believe  that  the  process  could 
be  continued  indefinitely. 

In  view  of  the  growing  use  of  the  Haber  process 
for  producing  synthetic  ammonia  or  the  modifica- 
tions of  this  process,  it  was  interesting  to  consider 
the  possible  application  of  ammonium  nitrate  to 
recover  the  ammonia  out  of  the  mixture  of  hydrogen 
and  nitrogen.  The  ordinary  Haber  process  gave  a 
mixture  containing  only  7  per  cent,  or  8  per  cent. 
oi  ammonia  gas  in  the  hydrogen  nitrogen  mixture. 


In  the  early  stages  efforts  were  made  to  remove 
this  ammonia  by  a  cooling  process  with  liquefaction 
of  the  gas,  but  great  trouble  was  experienced,  and 

later  on  water  absorption  methods  were  employed. 

In  view  oi   the  Fact  that  ammonium  nitrate  will 

absorb  ammonia  with  great  rapidity,  and  will 
reduce  the  vapour  tension  at  any  temperature  to 
about  one-eighth  that  of  ammonia  gas  in  relation 
to  liquid  ammonia  at  that  temperature,  it  would 
appear  a  practicable  scheme  to  make  use  of 
ammonium  nitrate  as  a  means  for  removing  the 
ammonia   from   the  gas  whilst    under   pressure 

Pit.  Ormanhv  Baid  he  would  like  to  thank  the  Seay 
Syndicate  for  kindly  allowing  him  to  make  the 
experiments  public,  because  the  work  was  carried 
out  for  them;  and  on  behalf  of  .Mr.  Caveu  and  him- 
self he  (Dr.  Orinandy)  would  also  express  thanks 
to  the  Glasgow  Section,  and  to  Mr.  MacGregor  in 
particular,  lor  the  zeal  he  had  shown  in  getting  tin' 
meeting  together,  ami  to  Mr.  Reavell  for  so  kindly 
coming  up  to  take  the  chair. 

The  meeting  closed  with  a  hearty  vote  of  thanks 
to  Dr.  Orinandy  for  his  paper. 
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Shipbuilders  and  Engineers,  39,  Elmbank  Crescent,  Glasgow,  on  the  occasion  of  the 
Annual  General  Meeting  of  the  Society  of  Chemical  Industry. 
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Chairman  :    W.    H.    COLEMAN,    Esq. 


The  first  paper  read  was 


OBSERVATIONS    ON    THE    DESIGN    OF 
AMMONIACAL    LIQUOR    STILLS. 

By    P.    PARRISH,    A.I.C. 


It  is  not  proposed  in  this  paper  to  enter  into  a 
consideration  of  the  relative  merits  and  demerits 
of  direct-fired  intermittent  stills  for  the  distilla- 
tion of  ammoniacal  liquor.  It  will  he  assumed 
that  sound  scientific  and  technical  reasons  justi- 
fied the  abandonment  of  such  plant. 

The  origin  of  the  present  type  of  continuous 
columnar  still  for  the  distillation  of  gas  liquor  can 
be  traced  to  a  Frenchman  of  the  name  of  Savalle, 
who  was  responsible  in  1875  for  many  patents 
which  aimed  at  improving  the  apparatus  and 
processes  for  the  distillation,  purification,  and 
rectification  of  alcohol. 

Apparently  Savalle  was  intimately  conversant 
with  the  design,  and  had  had  practical  experience 
of  the  apparatus  invented  by  Aeneas  Coffey  in 
1831  for  producing,  in  one  operation,  a  more  con- 
centrated spirit  from  alcoholic  mashes  and  at  the 
same  time  removing,  to  a  large  extent,  the  objec- 
tional  by-products. 

As  the  Coffey  still,  a  sketch  of  which  is  shown 
below,  is  typical  of  many  stills  commonly  in  use 
in  this  country,  it  is  proposed  to  describe  it  in  some 
detail  to  afford  an  insight  into  the  principles  of 
continuous  working.  The  still  is  constituted  of 
two  columns,  an  analyser,  and  rectifier.  The 
analyser  comprises  a  series  of  chambers  which  are 
separated  by  perforated  copper  plates,  each  having 
a  safety  valve  and  an  overflow  pipe,  one  end  of 
which  is  arranged  to  give  a  liquor  level  of  about 
ljin.  on  the  plate,  the  other  side  dipping  into  a 
sealed  cup.  The  overflows  are  alternately  placed, 
as  shown. 

In  starting  the  apparatus,  steam,  which  is  in- 
troduced to  the  analyser,  passes  through  the  per- 
forations of  the  several  plates,  and  is  led  to  the 
foot  of  the  rectifier.     When  the  two  latter  pieces 


of  apparatus  have  reached  a  suitable  temperature 
the  wash  is  pumped  from  the  wash  tank  and  enters 
a  pipe  at  the  top  of  the  rectifier.  This  pipe  is  a 
continuous  one,  and  passes  through  the  latter 
column  and  is  carried  to  the  analyser,  where  the 
wash  is  discharged.     The  wash,  whilst  cooling  the 
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Fig.   1. 
Coffey  Still. 


A.  Analyser. 

B.  Rectifier. 

C.  Condenser. 

D.  Wash  Stock  Tank. 

E.  Hot  Feints  Vessel. 

F.  Finished  Spirit  Condenser. 


KEY. 

a.  Steam  inlet. 

b.  Alcohol  vapour :  steam  outlet. 

c.  „  ,,  ,,        inlet. 

d.  Weak  spirit  :    return  pipe. 

e.  Alcohol  vapour  :  steam  pipe. 

f.  Wash  pipe. 

g.  Wash  return  pipe. 

h.  Feints  centrifugal  pump, 
h.  Wash 


steam  and  alcoholic  vapour  stream,  is  simul- 
taneously preheated  in  its  passage  through  the 
rectifier.  The  perforated  plates  presumably  are 
designed  on  the  basis  of  a  definite  vapour  velocity 
which  admits  of  the  ascent  of  the  steam,  but  ob- 
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viates  the  passage  of  the  wash.  The  liquor  must 
travel  across  the  whole  area  of  the  plates  and 
descend  through  the  overflows  provided.  Thus  the 
descending  wash  meets  the  ascending  current  of 
steam,  the  bubbling  action  so  produced  promoting 
the  release  of  the  alcohol.  The  alcoholic  vapours 
and  steam  pass  away  from  the  top  of  the  analyser 
to  the  foot  of  the  rectifier,  bubbling  through  the 
reflux  liquid  formed  by  the  partial  condensation 
of  the  vapours  owing  to  the  cooling  influence  of 
the  "ash.  With  the  passage  of  the  vapours  up- 
wards through  the  rectifier,  they  become  richer  in 
alcohol,  the  descending  reflux  liquid  becoming 
weaker  in  spirit,  but  retaining  the  less  volatile 
fusel  oils. 

At  a  certain  part  of  the  rectifier  the  temperature 
obtaining  in  which  coincides  with  the  temperature 
of  the  strong  alcohol  condensate,  an  imperforated 
copper   plate    is   fitted  having   a   wide    pipe   which 


be  said  that  these  two  liquors  are  identical,  and 
it  is  not  inconceivable  that  the  absence  of  any 
marked  advance  in  the  design  and  arrangement  of 
plant  for  the  distillation  of  ammoniacal  liquor  in 
the  production  of  ammonium  sulphate  is,  in  a 
degree,  attributable  to  the  assumption,  which 
appears  to  have  been  perpetuated  through  several 
decades,  that  the  physico-chemical  principles  un- 
derlying the  distillation  of  the  two  liquors  were 
the  same. 

The  quantity  of  gas  liquor  produced  and  dis- 
tilled in  the  United  Kingdom  must  be  of  the  order 
of  1250  million  gallons  of  8  oz.  (1"73  per  cent.)  NH, 
per  annum.  This  quantity  chiefly  arises  in  the 
purification  of  crude  coal  gas  derived  from  the 
carbonisation  of  coal  at  gas  works  and  coke  ovens, 
from  blast-furnace  gases,  and  the  carbonisation 
of  shale  as  conducted  largely  at  the  shale  oil  works 
in  Scotland. 
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Pig.  2. 


Showing    arrangement    of    distillation    plant    in    three   categories. 


projects  above  the  plate  to  the  extent  of  about 
2in.  This  "spirit  plate,"  as  it  is  called,  is 
drained  by  a  two-branched  pipe.  Under  normal 
working  conditions  the  alcohol  condenses  above  the 
spirit  plate  and  runs  through  one  branch  to  the 
condenser  and  away  to  the  spirit  receiver. 

Distillation  proceeds  uninterruptedly  for  two  or 
three  days,  at  the  beginning  and  end  of  which 
weak  spirit  condenses  and  is  run  to  the  condenser 
and  thence  to  the  "  hot  feints  "  vessel  below.  The 
reflux  liquid,  containing  the  alcohol  and  fusel 
oils,  also  passes  to  the  "  hot  feints  "  vessel  and  is 
pumped  continuously  to  the  analyser  and  is  re- 
distilled. The  weak  spirit  vapours  escaping  at 
the  top  of  the  rectifier  are  condensed  and  also  led 
to  the  "  hot  feints  "  vessel,  from  which  the  fusel 
oils  are  removed  at  the  end  of  each  distillation 
period. 

Savalle's  inventive  genius  was  directed  to  the 
improvement  of  the  Coffey  still  and  accessory 
plant,  and  presumably,  by  reason  of  his  achieve- 
ments, his  attention  was  turned  to  the  necessity 
for  an  improvement  of  the  continuous  columnar 
still  for  the  distillation  of  ammoniacal  liquor.  Here 
is  an  instance,  not  uncommon  in  the  chemical  in- 
dustry, where  the  experience  and  practice  of  one 
industry,  due  to  the  seeming  analogous  conditions, 
is   applied   to   the   service   of   another. 

Whilst  there  are  points  of  similarity  in  the  dis- 
tillation Hi   wash  and  ammoniacal  liquor,  it  cannot 


The  following  analyses  give  an  indication  of  the 
average  composition  of  ammoniacal  liquors  arising 
at  various  works:  — 


Gas  works. 

Coke  oven. 

Blast 
furnace. 

Shale 
works. 

%  w/v. 

%  w/v. 

%  w/v. 

%  w/v. 

Volatile  ammonia . . 

1-4     to  2-5 

0-68  to  0-85 

0-4 

09 

Fixed  ammonia    . . 

0-1     to  0-4 

0-3    to  010 

0-01 

0-3 

Total  ammonia 

1-5     to  2-9 

0-98  to  0-95 

n-41 

0-93 

(XH.).S      .. 

0-8     to  0-9 

0-40 

— 

0-10 

(NH.).CO, 

50     to  8-5 

1-90 

11 

2-90 

NH.C1 

0-5     to  1-0 

0-20 

0006 

0015 

NH.CN 

0-07  to  0-3 

004 

— 

— 

The  gas  liquor  as  produced  in  Scotland,  gener- 
ally speaking,  contains  about  10  per  cent,  of  the 
ammonia  as  fixed  ammonia,  as  compared  with 
alxiut  double  the  quantity  which  gas  liquors  as 
produced  in   England  contain. 

The  gas  liquor  with  which  the  author  has  had 
to  deal  during  the  last  few  years  has  exhibited  a 
remarkably  constant  CO,:  H„S  ratio,  viz.  7:  1, 
whilst  the  NH,  :  H,S  ratio  has  averaged  1.73  per 
cent.:   0.28  —  0.35  per  cent. 

The  ammonium  compounds  constituting  gas 
liquor  are  divided  under  two  heads: — (1)  Those 
volatile  "I  unlii, mil  temperatures,  viz.,  ammonium 
monocarbonate,  bicarbonate,  sesquicarbonate. 
hydrosulphide,    sulphide,   and   cyanide.     (2)  Those 
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fixed  "I  ordinary  temperatures,  bui  which  can  be 
decomposed     by    an    exchange    oi     alkali     bast  : 

Ammonium   sulphate,   sulphite,   thiosulpl ■.   thio- 

carbonate,  chloride,  tl yanate,  Eerrocyanate.   Gas 

liquor  also  contains  pyridine  bases,  plienols, 
naphthalene,  and  tarry  matter,  which  vary  appre- 
ciably according  to  the  extent  to  which  the  liquor 
is  separated  from    the  tar  in  the   "wells"  at  the 


Fig.  3. 
Cleaning  arrangement. 

gas  and  coke  oven  works,  and  whether  or  not  it  is 
filtered  to  eliminate  the  floating  tar  or  hydro- 
carbons. 

Gas  liquor  containing  tarry  matter  is  disadvan- 
tageous in  many  ways,  and  too  much  stress  cannot 
be  laid  on  the  necessity  for  efficient  separation  of 
the  tar  from  the  liquor  and  for  the  adoption  of 
similar  methods  for  the  removal  of  the  hydrocar- 
bons specifically  lighter  than  the  liquor  itself. 

It  is  not  proposed  to  enter  into  a  lengthy 
discussion  of  the  methods  for  the  analysis,  or 
evaluation,  of  gas  liquor.  This  subject  has  been 
admirably  dealt  with  in  the  last  few  years  in  the 
annual  reports  of  the  Chief  Alkali  Inspectors,  and 
the  work  of  Mr.  Linder  in  this  connection  is  well 
known. 

Many  gas  works  in  England  still  state  the  con- 
tent of  ammonia  in  terms  of  oz.  strength,  which 
originally  implied  the  numbers  of  ozs.  of  real 
sulphuric  acid  required  to  saturate  1  gall,  of 
the    gas  liquor.     This    was  the  basis  of  the  Wills 


Fig.  4. 
Cleaning  arrangement. 

saturation  test,  but  as  it  did  not  contemplate  the 
fixed  ammonia,  it  is  now  usual  to  pursue  one  or 
other  of  two  methods  to  arrive  at  the  total  content 
of  ammonia. 

At  some  works  it  is  usual  to  distill  off  the  free 
and  fixed  ammonia  of  the  gas  liquor  into  acid 
which,  at  15°  C.  contains  10  parts  by  weight  of 
real  sulphuric  acid  in  100  parts  by  volume,  titrat- 
ing from  a  burette  of  1  oz.  capacity  graduated  in 


I    hiihs   of    an    oz.,    and    subdivided    into    tenths 

(i.e.,  into  1/ HiHths  iii  all),  and  to  read  off  the 
oz.  strength  direct.  In  other  cases,  the  free 
j  ml  fixed  ammonia  content  of  the  gas  liquor  is 
distilled  into  N/10  sulphuric  acid,  and  the 
ammonia  content  expressed  in  terms  of  percentage 
oj  ammonia  w/v  and  a  factor  used  for  conversion 
to  oz.  strength. 

The   following   (lata    will   doubtless   be   useful   as 
healing   on    1 1 z.    strength    ill    its    relationship   to 

percentage  of  ammonia  :  — 
ii.     2NH,       +     H-SO^NHJ-SO, 
:il  98  132 

0-3409  oz.         loz.        T34G9oz. 

(2)  1    oz.    strength  =  0.3469   oz.    of   ammonia    per 

gallon. 

(3)  As    1    gall,    contains    160    oz.    therefore    the 

parts   of  ammonia   by    weight  per    100   parts 
by   volume  will   he : 

160    :    100    :  :    0.3469    :    x 
x  =  0.217. 
(1)   If  0.217  part  of  ammonia  by  weight  per  100 
parts   by  volume  represents   1  oz.,  then   the 
factor    for    converting    per    cent,     ammonia 
w/v  to  oz.  strength  is:  1.0-=-0. 217=4. 61. 
i"il   In  London  and  the  South  of  England  liquor 
is    still   sold    by,    or  expressed   in  terms   of, 
butts  of  108  gallons. 
(Hi  One   degree  Twaddel  is   usually    regarded  as 

equal  to  2  oz.   strength. 
(7)  To  arrive   at  the  number  of  butts  of  liquor 
(say)  of  S  oz.    strength  required  to   produce 
1   ton  of  sulphate  of  ammonia  of  25.25  per 
cent,   ammonia   content, 
(a)  One   ton    of    sulphate  of   ammonia  of    the 
above   content  will  contain   0.2525   ton  of 
ammonia,  or  9049.6  oz.   of  ammonia. 
(h)  One  gallon  of  8  oz.  liquor  contains  2.7752 
oz.  of  ammonia. 

(c)  9049.6 h- 2.7752  =  3260.8  galls,  per  ton. 

(d)  3260.8-108  =  30.192    butts    per   ton    assum- 

ing 100  per  cent,  yield. 
<vi  To  arrive  at  the  number  of  tons  of  gas  liquor 
required  to  produce  one  ton  of  ammonium 
sulphate  of  given  content,  divide  the  per- 
centage of  ammonia  in  the  sulphate  by  the 
percentage  of  ammonia  in  the  liquor. 
Assume  8  oz.  liquor  (i.e.,  8x0.2168=1.734 
NH,)  and  25.25  per  cent.  NH,  as  the  con- 
tent of  the  sulphate  of  ammonia. 

25.25-1.734  =  14.562  tons, 
or  14.562x224  =  3261.8  galls., 
or  3261.8-^108  =  30.192  butts. 

Table    showing    tons    of    gas    liquor    of    varying 

strengths  required  to  produce  one  ton  of  Ammonium 

Sulphate,  having  vanyinjj  contents  of  ammonia. 


Tons  of  gas  liquor  per  ton  of  ammonium 

gas  liquor. 

sulphate  based  on  100%  conversion 
efficiency. 

Ammonia  content  of  sulphate  of 

ammonia. 

°.'.  am- 

Oz. 
strength. 

monia. 

25 

251 

25  2     25-3     25-4 

25-5 

25-6     25-7 

% 

,o 

Of             O/              O- 

/o         '°          to 

% 

0/              0/ 
/O           /o 

0-868 

4 

28-90 

29-02;  29-14  29-25 

29  36  29-47  29-59 

29-71 

1085 

5 

2303 

23-13    -3-23  23-31 

23-41  23-50  23-59 

23-68 

1-302 

(i 

19-21 

19-29  119-36  19-44 

19-51    19-59  19-66 

19-74 

1-519 

i 

10-46 

16-53    16-59'  16-65 

16-73  10-79  16-86 

16-92 

1-730 

8 

14-45 

14-51    14-56  14-62 

14-69  14-74  14-80 

14-86 

1-953 

9 

12-80 

12-85    12-90  12-95 

13-00  13-05  13-11 

13-16 

2170 

10 

11-52 

11-57    11-61   11-66 

11-70  11-75  11-80 

11-84 

2-:>s9 

11 

10-46 

10-51    10-54  10-59 

10-63  10-67i  10-71 

10-75 

2-004 

12 

9-60 

9-61      9-68     9-71 

1            1 

9-75     9-711     9-83 

9-87 

Broadly  speaking,  the  combined  arrangement  of 
free  and  fixed  stills  and  liming  chamber  can  be 
divided  into  three  categories,  as  illustrated  in  the 
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diagrams  subjoined,   which,  it   is   hoped,   are  self- 
explanatory.     (See    Kilt.    'J  ) 

As  to  the  arrangement  which  the  plant  should 
take,  much  depends  on  the  provision  made  for 
cleaning  the  stills,  on  the  fixed  ammonia  content 
of  the  gas  liquor  to  bo  distilled,  and  on  its  free- 
dom from  tarry  matter.  By  far  the  greater  num- 
ber of  stills  operating  in  the  United  kingdom  arc 
stills  built  up  of  double-flanged  sections,  each  of 
which,  generally  speaking,  constitutes  a  chamber. 
The  joints  between  the  corresponding  flanges  of 
the  chambers  are  made  with  boiled  linseed  oil  and 
Vulcan  cement,  or  with  red  and  white  lead  and 
lead  wire.  Obviously  these  sections  have  to  be 
provided  with  such  a   number  of  manholes,  and  of 


not   inconsiderable.        It    has    to    be  remembered, 

with  the  type  of  still  under  review,  that  complete 
dismantling  may  become  necessary  owing  to 
accumulations  of  lime  sludge,  either  causing  block- 
ages which  are  difficult,  if  not  impossible,  to  re- 
move mi  situ,  or  the  lime  may  form  laminations  on 
the  bottom  of  the  chambers,  to  such  an  extent  as 
to  seriously  impair    the     thermal     efficiency    and 

capacity  of   the  plant . 

Another  arrangement  of  still   is   possible,  which 

largely  overcomes  the  disabilities  to  which  refer- 
ence has  been   made. 

Figure  5    represents   the   alternative   form,  which 

comprises  an  outside  shell  tree  from  a  multiplicity 

of   flanges,    and    without    cleaning    manholes.      This 


Fig.  5. 
Ammoniacal    liquor   si  ill    (Free   and   Fixed). 


such  a  size,  as  will  afford  facilities  for  the  cleans- 
ing of  the  overflow  pipe  or  pipes  and  the  removal 
and  /or  cleaning  of  the  hoods,  frogs,  crocodiles,  or 
whatever  steam-distributing  device  is  provided. 
Figs.  3  and  4  show  typical  arrangements  such  as 
are  usually  made  in  this  connexion. 

Two  disadvantages  accompany  the  use  of  this 
form  of  still,  irrespective  of  any  disability  which 
may  arise  by  reason  of  the  category,  as  above  de- 
fined, under  which  it  comes.  The  joints  between 
the  several  sections  are  potential  sources  for  the 
leakage  of  ammonia,  and  as  it  is  unusual  to  in- 
sulate tln>  covers  of  the  manholes  with  non-con- 
ducting material,   the  loss  of  heat  by  radiation   is 


design  of  still,  for  which  Dr.  Carpenter  was  re- 
sponsible, contemplates  the  withdrawal  of  the  in- 
ternal elements,  which,  as  shown  in  Figs.  6  and 
7,  compri.se  a  hood,  tray,  and  bubbler,  as  constitut- 
ing a  complete  chamber  for  cleaning  purposes. 

These  hoods,  trays,  and  bubblers  are  provided 
with  machined  laces  SO  that  there  is  no  possibility 
ol  the  by-passing  oi  steam  on  the  outer  part  of  the 
trays.  Suitable  lifting  tackle,  as  seen  in  Fig.  8, 
is  provided  for  facilitating  the  removal  of  the  in- 
ternal elements,  which,  in  turn,  are  all  provided 
with  suitable  lifting  lugs. 

It  has  been  found  in  practice  that,  provided  the 
accumulations    of    lime    sludge    at    the    loot    of    the 
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liming  chamber  are  removed  every  fortnight,  and 
the  top  oover  of  the  fixed  still  is  lifted  monthly 
for  the  cleaning  of  tho  perforations  of  the  anti- 
priming  device,  the  Mill  "ill  operate  continuously 
for  six  months  before  cleaning  is  necessary.  Dur- 
ing  this    time    approximately    5,000,000    galls,    of 


Fig.  6. 
Hood  and  Bubbler. 

gas  liquor  will  have  lieen  distilled,  still  cleaning 
representing  a  charge  of  about  2d.  per  ton  of  sul- 
phate made.  With  the  shell  type  of  still,  involv- 
ing as  it  does  the  withdrawal  of  the  internal 
elements  for  cleaning  purposes,  it  would  be  ob- 
viously unwise  to  arrange  the  plant  according  to 
category  B.   (</.   supra),   as   this  would  necessitate 


the  removal  of  the  liming  chamber  in  order  to 
afford  access  to  the  anti-priming  arrangement,  or 
first  tray,  of  the  fixed  still. 

Figure  9  represents  a  gas  liquor  still  as  installed 
at  the  Provan  Chemical  Works  of  the  Glasgow 
Corporation.     The  fixed   ammonia    content   of  the 


gas  liquor  in  this  case  only  represents  about  10 
per  cent,  of  the  total  ammonia. 

Manifestly  with  gas  liquor  having  a  high  con- 
tent of  fixed  ammonia,  particularly  if  such  fixed 
ammonia  is  due  to  ammonium  sulphate,  the  diffi- 
culty of  keeping  the  distilling  sections  of  the  fixed 
still  free  from  sludge,  particularly  the  first  and 
second  fixed  sections,  is  great.  Special  considera- 
tion should  be  given  to  the  design  of  the  liming 
chambers  or  the  elements  of  large  liming  chambers, 
which  admit  of  considerable  time  contact,  in  order 
to  ensure  active  agitation.  Easy  means  of  a 
periodic  discharge  of  the  sludge  from  the  foot  of 
the  liming  chambers  should  also  be  provided.  Fail- 
ing this,  an  arrangement  of  plant  with  outside 
liming  section  specially  designed  as  represented  in 
category  C.  is  necessary. 

It  is  the  author's  view  that  mechanical  considera- 
tions, such  as  facilities  for  cleaning,  provision  for 
the  removal  of  bubbling  hoods  and  initial  capital 
cost,  have  been  the  factors  largely  governing  the 
design  and  arrangement  of  gas  liquor  stills  in  the 
past.  Had  designers  and  makers  of  gas  liquor 
stills  been  in  a  position  to  visualise  the  items  which 
contribute  to  the  cost  of  ammonium  sulphate  in 
so  far  as  the  still  itself  is  concerned,  it  is  not 
improbable   that   less    attention   would  have   been 


Fig.  8. 
Lifting  tackle  for  shell  type  of  still. 

directed  to  this  somewhat  circumscribed  aspect 
of  design,  and  more  attention  given  to  the  possi- 
bilities of  designing  a  still  which  would  be  economic 
as  regards  steam  consumption.  In  saying  this, 
it  is  not  overlooked  that  the  ideals  of  the  chemist 
and  physicist  have  not  infrequently  to  be  com- 
promised in  order  to  ensure  mechanical  strength 
and  practicability   in  the  matter  of  production. 

The  data  given  below  relative  to  the  char- 
acteristics of  several  types  of  present-day  stills  are 
impressive  in  many  ways,  and  will  repay  careful 
study.  Whilst  recognising  the  various  local  con- 
ditions under  which  stills  have  to  operate,  and  the 
variation  of  the  quality  of  liquor  with  which  they 
will  be  called  upon  to  deal,  one  is  led  almost  irre- 
sistibly to  the  conclusion  that  standardisation 
based  on  experimental  data  under  varying  condi- 
tions, and  with  due  regard  to  the  fundamental 
laws  governing  the  distillation  of  gas  liquor,  would 
be  fully  warranted. 

Solutions  of  ammonia  of  such  strengths  as  are 
typical  of  normal  gas  liquor  behave  generally 
according  to  Henry's  law.  This  law  provides  that 
the  vapour  pressure  (P)  of  a  volatile  solvent  and 
solute  is  expressed  by  P  =  ax,  in  which  a  is  a  con- 
stant and  x  the  molecular  fraction  of  the  solute 
in  relation  to  the  solvent.     In  the  case  of  ammonia 
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solutions  '/  For  accurate  values  has  to  be  experi- 
mentally determined  by  ascertaining  V  either  by 
chemical  analysis  of  the  vapour  over  a  solution,  or 
by  t lie  static  method  of  determining  vapour 
pressure. 


Fig.  9. 
Ammoniacal  liquor  still,  as  installed  at  tin-  Provan 
Chemical   Works  of  the  Glasgow  Corporation. 

For  ammonia  and  water  the  values  of  a  are 
well-known  ammonia  being  of  immense  industrial 
importance  in  the  manufacture  of  soda  ash  by  the 
ammonia-soda  process.  The  values  show,  however, 
a  slight  deviation  from  those  as  calculated  by 
Henry's  law,  owing  to  the  ammonia  chemically 
combining  with  the  solvent  to  form  an  easily  dis- 
sociated ammonium  hydrate.  In  addition,  the 
deviation  of  experimental  and  calculated  values 
increases  with  decreases  of  concentration.  Such 
deductions  as  may  be  made  from  the  above  law 
apply  of  course  only  to  conditions  in  a  certain 
section  of  the  gas  liquor  still,  probably  the  lower 
portion  of  the  free  still,  where,  owing  to  the  pre- 
vious decarbonisatiou  and  desulphurisation,  the 
liquor  assumes  that  of  an  ordinary  ammonium 
hydrate  solution.  Although  the  gas  laws  allow  of 
a  ready  interpretation  of  conditions  obtaining  in 
the  still,  and  indeed  assist  in  affording  certain 
fundamentals  of  design,  a  point  is  reached  at  which 
further  progress  in  this  direction  can  only  result 
from  patient  observation  of  details  such  as  can 
only  be  obtained  from  practical  working  condi- 
tions. A  consideration  of  the  costings  of 
ammonium  sulphate  manufacture  will  reveal  that 
the  labour  involved  in  the  control  and  opera- 
tion of  the  still  does  not  represent  more  than  4 
per  cent,  of  the  total  cost  of  manufacture,  that  the 
cost  of  cleaning  represents  02  per  cent,  of  the  cost 
of  manufacture,  whilst  a  figure  approaching  10 
per  cent,  more  nearly  constitutes  the  cost  of  the 
steam  used  in  the  distillation  of  a  normal  gas 
liquor,  quite  apart  from  the  steam  used  for  motive 
purposes.  These  figures  have  reference  to  plant 
operating  on  a  comparativelv  large  scale.  Little 
wonder,  therefore,  that  one's  attention  is  directed 
to  the  thermal  aspect  of  this  manufacture  con- 
<ernmg  which  singularly  little  information  or 
'lata,  appears  to  have  been  published.  With  a  view 
to  constructing  a  thermal  balance  sheet,  a  sul- 
phate of  ammonia  still  operating  under  ordinarv 
working  conditions  was  selected  as  the  source  from 
which   the   following    measurements    were   made:  — 

(1)  Quantity   of   liquor  distilled. 

ii')  Quantity    of   steam   supplied. 

<•'!>  Temperature  of  steam  supplied. 

(4)  Pressure  ol    steam   supplied. 

(5)  Quantity   of    devil    liquor  distilled 
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A    Free  ammonia  still 
C    Saturator 


Dr. 

( o)  Heat  entering  still — 
I.    Via  steam 
II.      „    liquor 
III.      „    Unio   .. 


E  and  E,    Coolers 


G     Devil  liquor  storage  D  and  Dt     Liquor  preheaters 

Fig.  11. 


B    Fixed  ammonia  still 


F    Crude  liquor  storage 


11     Boiler  feed  heater        I     Lime  feed 


Summarised  heat  balance  of  sulphate  of  ammonia  manufacture. 


Cr. 


B.Th.U.'a  Heat  leaving  stUl—                                                               B.Th.U.'s. 

.      259,100  I.    Via  gas  stream  241,000 

,      165,000  n.      „    effluent 192,000 

12,000  III.    Radiation  loss  (0-7%)  3,100 

436,100 


it)  Saturator  balance 


436,100 


I.    Heat  entering 241,000        Heat  entering  preheaters 


II.    Ht.  of  dilution 
III.      „     ,,  formation 


(c)     Interchange  balance — 

Entering  preheaters 


7,900 
65,800 


258,300 


258,300 


Loss  (radiation)  via  liquor  whilst  centrifugiug,  etc.  (17-8%)       56,400 


314,700 


Heat  recovered  via  liquor     . .         . .         . .         . .         . .  165,000 

,,     lost  via  water  (9-0°„) 21,760 

gas  (01%) 180 

Radiation  losses  (21-0%) 71,360 

258,300 


Dr. 
(a)  Heat  entering  still. 


(6)  Saturator  balance. 


(;)   Interchange  balance. 


Fig.  12. 
Thermal  balance  of  sulphate  of  ammonia  manufacture.        Xo.  2  diagram. 
Showing  all  heat  equivalents  reduced  to  pounds  steam  from  and  at  212°  F. 
SI  MMARISED   HEAT   BALANCE, 
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(6)  Quantity  of  cooling  water  used. 

(7)  Temperature  of  water  at  the  inlet  and  out- 
let of  the  coolers. 

(8)  Temperature  of  gas  liquor  at  the  inlet  and 
outlet  of  the  preheaters. 

(9)  Temperature  and  quantity  of  cream  of  lime 
used. 

(10)  Temperature  and  quantity  of  effluent 
liquor  discharged  from  the  still. 

(11)  Temperature  of  waste  gases  leaving  the 
coolers. 

(12)  Ammonia,  hydrogen  sulphide,  and  carbonic 
acid  content  of  crude  liquor  distilled. 

(13)  Ammonia ,  hydrogen  sulphide,  and  carbonic 
acid  content  of  the  gases  leaving  the  still  in  their 
passage  to  the  saturator. 

These  data  were  collated  and  reduced  to  a  de- 
finite basis  of  one  hundred  gallons  of  combined  gas 
liquor  and  devil  liquor  distilled. 


Owing  to  the  heat  of  formation  of  ammonium 
sulphate  by  the  combination  of  the  ammonia  with 
the  acid  of  the  saturator,  the  temperature  of  the 
hath  is  at  least  equal  to  the  temperature  of  a 
boiling   saturated    solution    of   ammonium    sulphate. 

A  further  increase  of  temperature  accrues  from  the 
free  sulphuric  acid  content  of  the  bath.  Indeed 
the  temperature  ol  the  bath  will  be  at  least  I".  C. 
higher  than  the  temperature  of  the  stream  of  steam 
and  ammonia  leaving  the  still.  Hence  there  can 
be  little  possibility  of  the  condensation  ol  water 
in  the  saturator  unless  the  heat  of  formation  of 
ammonium  sulphate  is  counterbalanced  by  heat 
losses  vid  conduction,  radiation,  and  the  circula- 
tion of  mother  liquor  outside  the  saturator. 

The  factors  governing  the  water  balance  of  a 
saturator  arc  undoubtedly  the  strength  of  acid 
which  is  used  and  the  quantity  of  extraneous  water 
which   is  introduced  thereto. 


J- 


Fig.   13. 
Complete  experimental  sulphate  of  ammonia  plant. 


A.  Water  feed  tanks,  20  in.  dia.,  18  in.  high. 

B.  Boiler.  Constructed  of  8  in.  pipe,  5  ft.  long,  with  gauge  glass; 
safety  valve,  and  pressure  gauge  ;    heated  by  gas  jets. 

C.  Combination  stUl,  5  ft.  8J  in.  high,  9  in.  dia.,  with  twelve  trays 
8|  in.  dia.  by  4  in.  high,  and  liming  chamber  1  ft.  4  in.  high  by 
3  in.  and  6  in.  dia. 

D.  Saturator.  9  in.  dia.,  9  in.  high,  4  in.  dia.  well  with  two  catch 
boxes,  3  in.  dia.  3  in.  high,  and  2  in.  pipes. 


E.  Heater  of  6  in.  pipe,  2  ft.  high  with  seven  1  in.  pipes  inside  with 
making-up  pieces  as  shown. 

F.  Cooler  of  6  in.  pipe,  2  ft.  high  with  seven  1  in.  pipes  inside  with 
making-up  pieces  as  shown. 

G.  Seal  pot,  4  in.  dia.,  2  ft.  high. 

H.  Gas  liquor  tank,  20  in.  dia.,  18  in.  high. 

I.    Cream  of  lime  tank,  20  in.  dia.  and  18  ill.  high. 


Diagram  1,  Fig.  11,  shows  the  heat  expressed  in 
terms  of  B.Th.U.  entering  and/or  leaving  the 
various  parts  of  the  plant  constituting  a  complete 
sulphate  of  ammonia  unit,  and  diagram  2,  Fig.  12, 
shows  for  purposes  of  easy  comparison  the  same 
determinations  expressed  in  pounds  of  steam  from 
and  at  212°  F.  In  each  diagram  a  summarised 
heat  balance  has  been  drawn  up  showing  the 
thermal  aspect  as  affecting  (a)  distillation ;  (b)  the 
saturator ;   and  (e)  the  preheaters  and  coolers. 

It  is  not  proposed  at  this  juncture  to  discuss  the 
summarised  heat  balance,  except  to  deal  with  one 
aspect  which  has  become  increasingly  prominent 
with  many  technicians  by  reason  of  the  develop- 
ment in  the  production  of  neutral  sulphate  of 
ammonia  by  processes  which  necessitate  the  use 
of  a  washing  medium  for  effecting  the  neutralisation 
of  the  acid-containing  sulphate  of  ammonia. 

Not  infrequently  has  the  question  been  asked, 
What  are  the  conditions  governing  the  water 
balance  of  a  saturator  ? 


It  is  known  that  when  using  sulphuric  acid  of 
70  per  cent.  H2S01  content,  50  gallons  of  ex- 
traneous water  can  be  introduced  to  the  bath  with- 
out creating  redundant  mother  liquor. 

From  the  thermal  data  afforded  by  the  measure- 
ments under  review  a  simple  calculation  will  show 
that  55  gallons  of  water  were  being  evaporated  per 
ton  of  ammonium  sulphate  (of  25'74  per  cent, 
strength)  being  made. 

So  far  it  will  be  seen  that  there  is  great  uncer- 
tainty as  to  the  form  which  the  elements  of  an 
ammoniacal  liquor  still  should  take  if  the  vital 
factor,  namely,  steam  consumption  within  the  still, 
is  to  be  economised.  Hitherto  hypotheses  have 
been  deduced  and  indeed  worked  upon,  but  it  is 
doubtful  whether  any  satisfactory  data  have  been 
arrived  at,  either  experimentally  or  otherwise,  to 
indicate  the  precise  form  which  the  elements  should 
assume,  and  the  conditions  under  which  the  stills 
should  be  operated  if  a  minimum  steam  consump- 
tion is  to  be  attained. 
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Having  an  experimental  sulphate  of  ammonia 
plant  available  of  the  size  and  capacity  as  indi- 
cated in  Via.  13,  experiments  were  conducted 
cinder  varying  conditions  \\  ith  a  view  to  arriving  at 
certain   conclusions  in    the  above   connexion. 

Figure  14  is  a  diagram  showing  the  liquor  and  gas 
concentrations  at  two  rates  of  feed  with  identical 
steam    consumption.     It    will   be    seen    from   this 
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Fig.  14. 

Diagram  showing  liquor  and  ammonia  gas  concentrations 

at  two  rates  of  speed. 
37  galls,  per  hour  A~\  . 

>with  identical  steam  consumption. 

U'O  ,,  ,,  ,  >  J '    J 

diagram  that  the  rate  of  flow  has  been  increased 
by  about  250  per  cent,  at  the  sacrifice  of  0.23  per 
cent,  of  free  ammonia  in  the  effluent.  It  is  not 
inconceivable  that  an  identical  effluent  to  that  of 
the  lower  rate  of  feed  would  have  been  obtained 
had  the  time  contact  been  increased  (say)  to  the 
extent  represented  by  two  additional  trays.  This 
experiment  would  appear  to  indicate  that  given 
a  definite  time  contact,  the  steam  consumption  can 
be  made  to  approach  the  theoretical  minimum  pos- 
sible dependent  upon  the  liquor  feed  concentra- 
tion. The  latter  condition  embodies  the  ideal  at 
which  designers  of  gas  liquor  stills  should  aim,  and 
incidentally  the  one  with  which  manufacturers 
should  be  conversant  when  contemplating  the  pur- 
chase of   gas   liquor  stills. 

A  measure  of   the  efficiency  of    the    steam  con- 
sumption  of  a  gas  liquor  still  is   afforded  by   the 
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%  NH,  in  gas  stream. 

Fig.   15. 

Diagram  showing  ammonia   concentration  of  gas,    with 

varying  contents  of  ammonia. 


prepared.  By  calculation  from  the  foregoing 
graph  the  curve  in  Fig.  Hi,  which  affords  an  indi- 
cation of  the  steam  consumption  per  lb.  of 
ammonia  in  relation  to  the  ammonia  concentration 
in  the  crude  liquor,  has  !>een  constructed. 

Unfortunately  little  information  appears  to  be 
available  concerning  the  extent  to  which  the  con- 
centration of  ammonia  in  the  gas  stream  is  affected 
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Fig.  16. 

Curve  showing  steam  consumption  per  pound  of  ammonia, 
with  varying  concentrations  of  ammonia  in  gas   liquor. 

by  varying  concentrations  of  ammonia  in  the  gas 
liquor.  This  obviously  has  an  important  bearing 
when  fixing  the  price  of  gas  liquor  according  to 
its  ammonia  content,  and  particularly  so  when 
purchasing  concentrated  gas  liquor.  As  far  as  is 
known,  the  only  recent  work  published  on  this 
aspect  was  an  article  appearing  in  Chemical  and 
Metallurgical  Engineering  of  February  15th  last 
by  Emil  Piron,  in  which  some  of  the  fundamental 
laws  governing  the  distillation  of  mixtures  were 
discussed.  This  worker  has  shown  the  lin<>s  along 
which  problems  of  this  character  can  be  studied, 
both  experimentally  and  mathematically.     Indeed 
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Fig.  17. 

Diagram  of  Emil  Piron's  values,  showing  the  variation  of 
"  K,"  with  a  variation  of  the  strength  of  liquor. 


concentration  of  the  ammonia  in  the  gas  stream. 
A  simple  method  of  determining  this  factor  under 
practical  working  conditions  is  to  condense  the 
stream  of  steam  and  ammonia  leading  to  the 
saturator,  and  to  make  a  determination  for 
ammonia,  carbonic  arid,  and  hydrogen  sulphide 
contents.  From  a  series  of  analyses  carried  out  in 
this  manner,  the  graph  shown  in  Fig.  15  has  been 


the  article  is  of  such  merit  that  diagrams,  based 
on  the  experimental  data  furnished,  have  been 
embodied  in  this  contribution.  Fig.  1"  is  a  graph 
which  shows  the  relationship  between  the  composi- 
tion of  the  liquor  being  distilled  and  that  of  the 
distillate  leaving  the  still.  The  particular  experi- 
ment comes  under  the  category  of  a  discontinuous 
distillation,    but  the   data  so   given   can   be   corre- 
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latod  to  the  performance  of  a  continuous  still 
This  graph  in  conjunction  frith  Fig.  18,  which  is 
compiled  from  data  by  the  same  author,  is  of  im- 
portance as  indicating  the  economic  limit  which 
should  be  looked  for  as  representing  tho  point  at 
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Steam  consumption  per  unit  of  ammonia  distilled  from 
liquors  of  varying  concentrations,  plotted  from  data  by 
Emil  Piron  (see  Chem.  and  Met.  Eng.,  Feb.  15,  1922). 

which  further  distillation  is  unprofitable.  It  also 
furnishes  some  idea  as  to  the  relative  value  of  gas 
liquor  of  different  concentrations  from  the  point 
of  view  of  the  distiller. 
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Fig.    10. 
Bill's  still. 

It  has  been  suspected  by  workers  having 
technical  and  practical  experience  of  gas  liquor 
stills  that  there  was  no  particular  merit  in  the 
elements  of  the  still  being  arranged  with   a  deep 


seal,  through  which  the  ascending  gases  and  steam 
were  compelled  to  bubble.  On  the  contrary,  it 
has  been  suggested  that  the  capacity  of  a  gas 
liquor  still  can  be  fully  maintained,  and  the  steam 
consumption  appreciably  reduced,  if  the  ascending 
gases  and  steam  emerged  on  the  liquor  lino  in  the 
trays. 

Figure  19  shows  a  continuous  gaa  liquor  still  which 
was  in  operation  in  London  in  1878,  the  design  of 
which  was  based  on  the  principle  of  a  compara- 
tively large  surface  area  with  a  thin  film  of  liquor, 
along  which  the  gases  and  steam  skirted  by  reason 
of  the  contiguity  of  the  respective  plates.  It  is 
known  that  a  still  15  ft.  high  by  7  ft.  x  5  ft.  in 
section,  having  38  plates,  was  capable  of  dealing 
with  the  free  ammonia  content  of  10,000  galls,  of 
gas  liquor  of  6 — 8  oz.  strength  per  day. 

It  is  clear  from  the  experience  afforded  by  the 
operation  of  the  above  still  that  heating  surface 
is  not  alone  the  governing  factor  which  should 
be  aimed  at  in  the  design  of  gas  liquor  stills. 
Rather  must  attention  be  directed  to  ensuring  the 
greatest  intimacy  of  contact  along  with  maximum 
time  contact  and  heating  surface.  Attenuated 
bubbling  of  such  a  nature  that  maximum  deforma- 
tion and /or  reformation  of  the  bubbles  is  ensured, 
is  the  principal  factor  for  promoting  rapid 
equilibrium. 

Experiments  have  been  directed  to  the  elucida- 
tion of  the  above  view  by  varying  the  depth  of 
seal  for  a  given  still  design,  and  although  the 
author  is  reluctant  to  draw  premature  conclusions, 
evidences  are  not  wanting  which  support  the 
theory  advanced  above. 

Little  has  been  heard  during  the  last  few  years 
concerning  the  distillation  of  gas  liquor  under 
vacuum.  This  question,  however,  was  a  "live 
one  "  more  than  twenty  years  ago  when  several 
stills  were  erected  in  Scotland  for  the  distillation 
of  ammoniacal  liquor  in  the  manufacture  of 
ammonium  sulphate  under  vacuum  conditions.  An 
interesting  paper  having  reference  to  this  subject 
was  read  before  the  Institution  of  Gas  Engineers 
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Relative  capacity  of  still. 

Fig.  20. 
Diagram  of  the  capacity  of  experimental  still  in 
relation  to  strength  of  feed  liquor. 

on  June  11th,  1903,  by  the  late  Mr.  Ballantyne, 
Engineer  and  Manager  of  the  Hamilton  Corpora- 
tion Gas  Department.  Whilst  the  paper  to  a  large 
extent  was  of  a  descriptive  character,  and  did  not 
afford  much  information  of  a  positive  technical 
nature,  the  view  was  expressed  that  the  vacuum 
system  of  distillation  was  economical  as  regards 
steam  consumption,  particularly  at  those  works 
where  exhaust  steam  was  available. 

It  has  to  be  remembered  that  the  utilisation  of 
exhaust  steam  is  not  confined  to  vacuum  distilla- 
tion plants  alone.  Many  gas  liquor  stills  operat- 
ing under  normal  pressure  conditions  are  worked 
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to-day  with  exhaust  steam.  Moreover  a  con- 
sideration hi  the  relative  vapour  pressure  of 
ammonia  and  water  in  typical  gas  liquors  at 
ranges  of  pressures  between  (say)  20  in.  of  mer- 
cury (absolute)  and  35  in.  (absolute)  leads 
,>ni'  to  the  conclust  n  that  no  great  savins  in 
steam  consumption  is  likely  to  accrue,  whereas  an 
additional  expenditure  of  steam  will  be  required 
for  the  operation  of  the  vacuum  pump  and  the 
pump  installed  to  withdraw  the  effluent  liquor 
from  the  still. 

Other  considerations  also  operate  when  working 
a  vacuum  still.  Some  are  advantageous,  others 
have  the  contrary  effect.  The  volume  occupied  by 
the  steam  at  (say)  5'7  lb.  per  square  inch  (the 
absolute  pressure  at  which  the  vacuum  still  at 
Hamilton  is  reported  to  have  worked)  is  G8 
cub.  ft.  per  lb.,  as  contrasted  with  24'75  cub.  ft. 
per  lb.  when  operating  under  normal  pressure  dis- 
tillation conditions.  Thus,  under  vacuum  condi- 
tions, the  velocity  of  the  steam  through  the  still 
is  appreciably  increased  and  hence  the  time  con- 
tact is  reduced  correspondingly  for  a  given  weight 
of  steam.  On  the  other  hand,  the  greater  volume 
of  steam  passing  over,  or  bubbling  through,  the 
liquor  on  the  several  trays  is  clearly  an  advantage. 
Manifestly  the  elements  constituting  the  chambers 
of  a  still  operated  under  vacuum  must  have  larger 


Fig.  21. 

Photograph  of  !/".<  liquor  tanks. 

surface  area  provided  for  the  ascent  of  the  stream 
of  steam  and  ammonia. 

As  uncertainty  existed  as  to  the  intrinsic 
capacity  of  a  still  for  dealing  with  gas  liquor  of 
varying  concentrations,  experiments  were  made 
to  determine  this  aspect.  Gas  liquor  of  varying 
concentrations  was  fed  to  the  experimental  still 
under  such  conditions  that  the  effluent  liquor 
leaving  the  still  had  approximately  a  constant 
composition.  From  the  rates  of  flow  and  the  con- 
centration, Fig.  20  has  been  constructed.  In  brief, 
this  curve  represents  the  amount  of  ammonia  dis- 
tilled in  unit  time  expressed  in  relation  to  the 
concentration  of  the  feed  liquor. 

Having  dealt  in  some  detail  with  several  aspects 
and  considerations  arising  out  of  the  design  of 
ammoniacal  stills,  attention  will  now  be  directed 
to  the  essential  parts  of  a  unit  for  continuous 
distillation. 

(a)  Gas  liquor  storage  tanks. 

(o)  Preheaters  and  coolers. 

(c)    Devil  liquor  storage  tank. 

00  Constituent  parts  of  gas  liquor  stills. 

(e)  Liming  chambers. 

(/)  Seal  pots. 

Gas  liquor  storage  tanks. 

As  to  the  form  of  the  tanks  and  the  general 
arrangement    for    the   storage   of   gas   liquor,    prac- 


tice varies  considerably  throughout  tho  country. 
The  shells  of  Lancashire  boilers  are  used  in  many 
cases  for  the  storage  of  gas  liquor,  and  it  is  known 
that  they  have  served  quite  well  for  this  purpose. 

It  is  usual  at  small  and  medium  sized  works  to 
elevate  the  boilers  on  pier  walls  or  even  on  tho 
walls  of  the  still  house  itself,  so  that  the  liquor  to 
be  Fed  to  the  still  can  gravitate  to  a  constant  feed 
tank  provided  with  .suitable  float  or  special  ball 
valve  tor  ensuring  a  uniform  feed  of  liquor  to  the 
stills.  Experience  suggests,  however,  that  sec- 
tional plated  cast-iron  tanks  are  preferable,  and 
are  calculated  to  have  a  much  longer  life  than 
second-hand  steel  boiler  shells. 

A  typical  installation  of  cast-iron  tanks  for  a 
works  distilling  tolerably  large  quantities  of  gas 
liquor  per  day  is  shown  in  Fig.  21.  Two  such 
tanks  are  usually  allocated  to  one  unit.  One  tank 
in  connexion  with  each  unit  contains  the  gas 
liquor  for  direct  supply  to  the  stills;  the  other 
tank  being  available  for  filling  in  the  interim. 
Thus  the  tanks  can  be  used  alternately,  and  gener- 
ally are  of  such  a  capacity  as  to  afford  twelve 
hours'  supply.  Each  tank  is  approximately  25ft. 
x  15ft.  x  loft.  The  side  plates  are  flanged  and 
are  5ft.  square  by  i  in.  thick,  and  are  arranged 
with  centrally  placed  circular  stiffening  ribs  from 
which  diagonal  stiffening  arms  radiate.  The 
flanges  are  Jin.  thick,  and  are  provided  with 
stiffening  webs.  All  flanges  are  machine  finished. 
The  joints  are  smeared  with  red  and  white  lead 
ground  thoroughly,  embedded  in  which  are  lengths 
of  twine.  Two  tie-rods  ljin.  in  diameter  pass 
through  each  of  the  first  two  tiers  of  side  plates, 
suitable  bosses  being  cast  on  the  horizontal  centre 
line  to  receive  these  tie  bolts.  The  top  tier  of 
plates  are  braced  by  a  single  ljin.  diameter  tie 
holt  placed  in  the  centre  of  the  plate.  Tho 
bottom  plates  are  of  the  same  size  as  the  side 
plates,  but  are  provided  with  a  stiffening  web  in 
the  centre  running  parallel  with  the  flanges.  Thus 
the  flanges  and  stiffening  ribs  are  arranged  at 
about  2ft.  6in.  centres.  The  bottom  of  the  cast 
iron  storage  tank  is  supported  by  R.S.J.'s  placed 
under  the  flanges  and  stiffening  ribs  at  the  centres 
just  named.  To  prevent  sagging  of  the  tie-rods 
vertical  angles  aro  provided. 

The  outlet  from  the  tanks  is  Gin.  in  diameter 
placed  ISin.  from  the  bottom  of  the  tank.  At  the 
lxittom  of  the  tank  a  suitable  pipe  is  fixed  which 
is  led  to  a  separator  for  effecting  the  separation 
of  any  tar.  which  has  settled  out,  from  the  gas 
liquor. 

The  tanks  are  provided  at  the  top  with  deal 
joists  and  are  covered  with  deal  boards.  From  the 
top  of  the  tank  a  6in.  diameter  vent  pipe  leads 
to  a  small  tower  scrubber,  which  is  packed  with 
suitable  filling  and  provided  with  an  automatic 
water  teed  so  that  the  vented  aiiimoniacal  air  can 
lie  thoroughly  washed  and  the  ammonia  arrested. 
The  delivery  pipe  from  the  gas  works  liquor  wells 
is  led  to  within  a  few  inches  of  the  bottom  of  the 
tank-,  so  as  to  reduce  the  agitation  of  the  gas 
liquor  to  a  minimum. 

The  connexions  from  the  storage  tanks  to  the 
gas  liquor  pumps  are  made  in  cast  iron  pipe  of 
the  turned  and  bored  type.  The  machining  of 
these  pipes  is  done  to  a  definite  gauge,  and  they 
are  remarkable  for  their  freedom  from  leakages. 

The  tanks  are  provided  with  floats  which  are 
connected  by  wire  cord  over  suitable  pulleys  with 
a  gauge  board  placed  in  the  still  house,  by  which 
the  rate  at  which  the  liquor  is  being  pumped  to 
the  stills  can  be  accurately  gauged  and  deter- 
mined. 

Preheaters  and  coolers. 

A  battery  of  preheaters  and  coolers  in  connexion 

with  one  of  the  units  of  the  plant  under  review  is 

shown  in  Fig.  22.     The  function  of  the  preheaters 

is  two-fold.     Advantage  is  taken  of  the  heat  of  tho 


92 


l'l;o('KKi>IN<;s    Oh'     niK    ("'HKMfCAL     ENGINEERING    GROUP 


waste  gases  and  steam  leaving  the  saturator  to 
preheat  the  aminoniacal  liquor  prior  to  entering 
the    Still.       In    this    way   cooling   of    the    ua-.lt'    gases 

is  partially  effected  bj  the  gas  liquor,  the  final 
cooling  being  completed  with  water. 

With  small  units  ol  plant  it  is  usual  to  place 
the  preheater  inside  the  still  house,  where  it  is 
not  subjected  to  extremes  of  temperature  during 

operation.  With  larger  units  of  plant  the  pre- 
heaters  are  almost  invariably  placed  outside  the 
still  house  building.  This  practice  may  be  re- 
garded as  unsound  from  the  point  of  view  of  heat 
conservation.  The  quantity  of  heat  leaving  the 
saturator,  however,  is  appreciably  greater  than 
that,  required  to  raise  the  temperature  of  tie- 
feed  liquor  to  boiling  point.  Indeed,  cooling 
water  has  to  be  profusely  used  to  reduce  the  waste 
gases  at  atmospheric  temperature. 

The  thermal  aspect  of  this  section  of  the  plant 
will  be  the  subject  of  further  reference,  as  ob- 
viously this  is  one  of  the  weak  points  in  connec- 
tion with  current  practice. 


This  type  of  heater  will  serve  admirably  for  gas 
liquor  free  from  tar,  but  it  is  suspected  that  if  the 
gas  liquor  is  of  a  dirty  character  the  inside  of  the 
tubular  undulations  may  become  coated  with  tar, 
necessitating  the  dissembling  of  the  sections.  One 
distinctive  feature  which  this  type  of  heater 
possesses  is  the  facility  and  comparative  ease  with 
which  the  segments  can  be  dissembled  either  for 
cleaning  purposes,  or  for  renewal,  in  the  event  of 
fractures  occurring. 

Heater  n  i-  ot  a  tubular  form,  and  is  arranged  to 
take  61  cast  iron  tubes,  each  3in.  internal  dia- 
meter by  3Jin.  external  diameter.  These  tubes 
ale  provided  with  shoulders  top  and  bottom,  and 
each  fifs  into  suitable  recesses  in  the  corresponding 
tube  plates,  the  annular  spaces  thus  formed  being 
caulked  tight  with  a  rust-jointing.  To  counteract 
the  irregularities  of  expansion  and  contraction, 
as  between  the  shell  which  externally  is  exposed 
to  atmospheric  influences  and  the  tubes  which  are 
in  contact  with  the  hot  waste  gases,  a  suitable  ex- 
pansion joint    D     shaped,  made  of  321b.  lead  is  pro- 


Fig.  22. 

Photograph  of  pre-heaters  and  coolers. 


Many  forms  of  preheaters  are  used  throughout 
the  United  Kingdom,  dependent  upon  the  size  of 
plant  for  which  they  are  intended  and  on  the 
special  experience  of  the  maker. 

Figures  23,  24,  and  25  show  three  typical  pre- 
heaters, (a),  (d)  and  (c),  each  of  which  possesses 
distinguishing  features. 

Heater  (a)  consists  of  a  series  of  double  flanged 
cast-iron  segments,  alternate  ones  of  which  are 
void,  and  are  provided  with  flanged  inlet  and  out- 
let passages,  the  others  being  enclosed  castings 
having  a  series  of  tubular  undulations.  The  void 
chambers  are  coupled  together  by  a  series  of 
flanged  syphon  bends  which  are  placed  left- 
hand  and  right  -  hand  alternately.  The 
liquor  to  be  preheated  enters  at  a,  and 
is  discharged  to  the  still  at  b.  The  hot 
gases  from  the  saturator  enter  at  c,  and  leave  at 
d.  Manholes  are  provided  in  connexion  with  each 
of  the  enclosed  chambers,  so  as  to  afford  access  for 
examination  if  required.  One  4ft.  diameter 
heater  as  shown  has  an  effective  surface  of  634  sq. 
ft.,  and  is  capable  of  preheating  ninety  tons  of  8 
oz.  gas  liquor  per  diem.  This  represents  7.04  sq. 
feet  per  ton  of  gas  liquor  per  diem. 


vided  between  the  top  flange  of  the  heater  body  and 
the  tube  plate.  This  arrangement  has  been  found 
effective  in  obviating  fractures  which  at  one  time 
were  experienced  with  this  form  of  apparatus. 
The  cast  iron  tubes  constituting  the  heater  must 
he  cast  without  chaplets  and  must  be  tested  to 
401b.   hydraulic  pressure. 

It  has  been  found  in  practice  that  four  vessels 
of  the  type  represented  by  B  are  necessary  for 
a  still  dealing  with  30,000  gallons  of  liquor  per 
day  if  the  gases  are  to  be  cooled  sufficiently  and 
to  be  deprived  of  water  vapour  to  such  an  extent 
as  to  allow  of  combustion  in  spent  oxide  burners. 
Under  such  conditions  two  vessels  serve  as  heaters 
and  two  as  coolers.  The  gas  liquor  is  fed  to  the 
bottom  of  the  second  heater  in  series  and  leaves 
at  the  top,  passing  again  to  the  bottom  of  the 
first  heater  and  leaving  at  the  top  to  the  still.  It 
is  important  that  the  liquor  should  be  fed  to  the 
bottom  in  all  cases  so  as  to  obviate  trouble  from 
air  locks. 

When  the  vessels  serve  as  coolers  it  has  been 
found  advantageous  to  insert  a  circular-drilled 
cast-iron  plate  with  61  lin.  to  Jin.  taper  holes 
so  as  to  ensure  uniform  distribution  of  the  cooling 
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(rater.  Each  heater  lias  an  effective  surface  area 
of  464  sq.  ft.  By  calculation  it  will  be  seen  that 
this  represents  6.18  sq.  it.  of  beating  surface  per 
ton  of  gas  liquor  per  diem. 

Heater  c,  which  is  rectangular  in  section, 
has  obviously  been  designed  to  facilitate  replace- 
ment of  any  of  the  tubes  which  may  fracture  or 
develop  leakages  without  obviating  a  stoppage 
ol  tin-  heater.  It  consists  of  seven  separate  ele- 
ments,   four   being   placed   on  one  side   and    three 


of  a  turbulency  of  motion  which  is  singularly  absent 
iii  many  types  of  multi-tubular  heaters. 

All  the  preheaters  previously  described  have 
suitable  provision  lor  automatically  running  the 
liquid  which  condenses  from  the  waste  gases7  and 
which  on  account  of  its  disagreeable  smell  and 
character  has  been  appositely  called  "devil 
liiiuor."  The  devil  liquor  outlets  from  the  pre- 
heaters and  coolers  are  suitably  sealed  to  prevent 
the    escape    of    the    waste    gases    which    consist    of 


Fig.  23. 
Heaters. 


on  the  other.  The  waste  gases  from  the  saturator 
enter  at  c  and  leave  at  d.  The  gas  liquor  to  be 
preheated  enters  at  seven  different  points  coin- 
ciding with  A.  This  heater  affords  an  effective 
surface  area  of  144  sq.  ft.,  and  is  capable  of  pre- 
heating 14J  tons  of  8-oz.  liquor,  representing  8 
sq.  ft.  per  ton  of  liquor  per  diem.  It  is  not  im- 
probable that  this  heater  is  capable  of  dealing 
with  a  larger  quantity  of  liquor  than  that  indi- 
cated, as  considerable  advantage  must  accrue  by 
reason  of  the  tubes  being  placed  horizontal  to 
the  flow  of  the  gases.     Such  an  arrangement  admits 


hydrocyanic   acid,   hydrogen  sulphide,   and   carbon 

dioxide,  etc. 

For  small   and  medium  sized  works,    preheaters 

consisting  of    two    circular    double-flanged    pieces, 

with  a  deeper   double-flanged    piece  for  the   body, 

have  been  fairly  extensively  adopted.  Two  plates 
are  placed  between  the  top  and  bottom  flanges 
of  the  body  and  the  double  flanged  pieces. 
Wrought    iron    tubes   are    used    and    are    expanded 

into  these  tube  plates. 
The   author's  experience   of  the   use  of  wrought 

iron  tubes  has  not  been  too  satisfactory  owing  to 
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con  dm. .11  arising  at  tlio  cooler  parts  of  tlie  tul>e 
due  to  the  formation  of  iron  sulphide  and  the  in- 
Buenoe  of  the  hydrocyanic  acid  of  the  waste  gases. 
Of  course  it  is  recognised  that  a  better  trans- 
mission of  heat  is  possible  owing  to  the  thinner 
walls  of  the  wrought  iron  tubes  as  contrasted  with 
the  cast  iron  one,  and  equally  it  is  appreciated 
that  the  greater  resiliency  and  tensile  strength 
of  wrought  iron  tubes  are  decided  factors  in  their 
favour.     Notwithstanding    these    advantages,    the 


Devil  liquor  storage  tank. 

On  account  of  the  noxious  character  of  the 
devil  liquor,  it  is  important  that  certain  steps 
should  be  taken  to  ensure  its  collection  and  treat- 
ment. This  is  best  effected  in  a  sectional  plated 
cast  iron  tank  suitably  lagged  which  will  allow  of  5 
to  6  hours'  accumulation.  Opinions  vary  as  to 
the  lust   method  of  treatment.      At  many  works  the 

devil  liquor  is  pumped  along  with   the  t;as  liquor 

and    the    mixed     liquors    are    distilled.       The    only 
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Fig.  24. 
Heaters. 


author   does  not   hesitate  to  recommend  cast   iron 
multi-tubular  preheaters. 

The  life  of  any  preheater,  whether  provided 
with  cast  iron  pipes  or  wrought  iron  pipes,  is 
materially  influenced  by  the  freedom  with  which 
the  waste  gases  and  steam  are  deprived  of  vesi- 
cular ammonium  sulphate  containing  acid,  which 
is  mechanically  carried  forward  from  the  satur- 
ator. Cast  or  wrought  lead  baffle  boxes  of  a 
suitable  form  must  be  provided,  and  during  opera- 
tion of  the  plant  steps  must  be  taken  to  ensure 
that  they  operate  efficientlv  at  all  times. 


disadvantage  is  that  expense  is  entailed  in  the 
matter  of  steam,  and  many  of  the  impurities  of 
the  gas  liquor  which  are  arrested  with  the  devil 
liquor,  such  as  pyridine,  creosote  oil,  naphthalene, 
etc.,  are  again  returned  to  the  saturator.  Obviously 
for  the  production  of  white  salt  it  is  essential 
that  these  impurities  should  be  disposed  of  in 
another  way,  and  not  recirculated  to  the  saturator. 
Moreover,  it  must  be  remembered  that  the  dis- 
tillation of  devil  liquor  represents  approximately 
a  20%  reduction  of  the  capacity  of  the  still,  which 
is  another  important  consideration. 
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Fig.  25. 
Heaters. 

Constituent  parts  of  gas  liquor  stills. 
Figure  26  shows  how  the  elements  of  the  still  illus- 
trated in  Fig.  5  are  assembled.  The  bottom  tray 
is  supported  on  a  circular  webbed  flange  an; 
within  the  still.  Each  succeeding  tray  is  in  turn 
supported  by  the  one  underneath.  The  first 
bubbler  of  the  free  still,  placed  immediately  above 
the  liming  chamber,  is  supported  by  a  vertical  9in. 
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Note. — When  heater  is  used  for  heating  ammoniacal 
liquor,  the  liquor  enters  at  "  A "  and  leaves  af.  "  B." 
The  hot  foul  gases  from  the  saturator  enter  the  heater 
at  "  C  "  and  leave  at  "  D." 

cast  iron  pipe  (which  by  a  bend  near  the  foot 
conducts  the  limed  liquor  to  an  outer  annnlus) 
plated  centrally  in  the  liming  chamber  and  ter- 
minating with  "a  suitable  base.  The  first  bubbler 
supports  the  hood  which  in  turn  supports  the 
bubbler.  Thus  the  whole  weight  of  the  bubblers 
and  hoods  is  transmitted  to  the  9-in.  pipe,  and 
the  complete  weight  of  the  trays  is  reflected  on 
the  webbed  flange. 

For  the  permanent  machined  joints  a  mixture 
of  red  and  white  lead  is  used.  For  the  faced  joints 
of  the  superimposed  sections  graphite  paste  is 
used.  A  pat-king  of  yarn  is  also  employed  between 
the  trays  and  the  outside  shell  of  the  still  so  as 
to  prevent  the  admission  of  any  corrosion  which 
will  interfere  with  the  removal  of  the  trays.  It 
should  be  remarked  that  the  bubblers  of  the  fixed 
section  of  this  particular  still  are  open,  with 
serrated  edges  on  the  two  circumferential  peri- 
pheries. 

The  merits  of  the  design  of  this  still  are  the 
size  of  the  liquor  overflows  and  the  large  area  of 
wetted  surface  which  the  elements  afford.  Further, 
it  is  evident  that  the  designer  has  appreciated 
two  other  important  factors,  viz.,  the  great  advan- 
tage of  a  high  velocity  of  the  vapours  where  they 
come  in  contact  with  the  liquid,  and  the  import- 
ance   of    time    contact     as    between    the    vapour 
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above    the    lii|iiiil    and    tlio    liquid    itself    as    aiding 
equilibrium. 

Figure  27  shows  the  elements  of  a  still  which  was 
introduced  to  this  country  about  40  years  ago. 
Some  of  the  features  of  this  still,  particularly  the 
liming  section,  possess  definite  merit,  but  it  is 
believed  that  there  are  many  directions  in  which 
the  still  can  be  improved,  particularly  in  the  matter 
of  area  of  liquor  overflows,  time  contact  between 
the  vapour  and  liquid,  and  velocity  of  the  vapours 
through   the  liquid. 

Figure  28  represents  the  elements  of  a  still  of  more 
recent    design.      Regard  ha:;  obviously    been   paid 


Fig.  27. 
Elements  of  Gas  Liquor  Stills. 


Fig.  26. 

Elements  of  Gas  Liquor  Stills. 

to  the  removal  of  the  hoods  for  cleaning  purposes, 
and  the  possibility  of  blocked  outlets  would  appear 
to  be  remote,  in  view  of  their  size.  The  compara- 
tively small  diameter  of  the  still  in  relation  to  the 
quantity  of  gas  liquor  with  which  it  deals  and 
the  arrangement  of  hoods  which  clearly  admit  of 
the  hubbies  from  one  being  thrown  in  contact  with 
those  created  by  the  adjacent  hood,  must  ensure 
considerable  deformation,  thus  increasing  the 
contact  of  liquid  and  vapour. 

Figure  29  represents  a  very  simple  form  of  ele- 
ment. If  simplicity  were  the  predominant  factor 
in  the  efficiency  of  a  gas  liquor  still,  this  particu- 
lar design  would  certainly  merit  a  premier  place. 
The  hoods  in  both  the  free  and  fixed  stills  are 
rectangular  and  the  travel  of  the  liquid  is  left 
to  right  and  right  to  left  alternately.  The  over- 
flows are  tolerably  large  and  the  designer  has 
evidently  had  in  mind  the  importance  of  avoiding 


Fig.  28. 
Elements  of  Gas  Liquor  Stills. 

blockages  at  this  point.  The  hoods  are  capable 
of  ready  removal.  One  disadvantage  appears  to 
be  that  the  arrangement  of  hood  lends  itself  to 
localised  bubbling.  Moreover  the  area  of  the 
serrations  is  equal  to,  if  not  in  excess  of,  the  area 
of  the  gas  slots,  which  area  is  too  large  for  en- 
suring such  a  vapour  velocity  as  to  give  anything 
approaching  optimum    bubbling. 
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Figure  30  represents  the  elements  of  a  square 
still  which  by  reason  of  its  form  must  have  the 
merit  of  cheapness  as  regards  cost  of  production. 
riic  bubbling  boods  are  also  readily  accessible 
either  for  inspection  or  withdrawal.  Whether 
the  liquid  will  follow  the  path  intended  for  it 
appears  somewhat  open  to  doubt.  Whilst  the 
arrangement    of   four   hoods   is  a   considerable   inl- 


and of  course  introduces  a  subject  on  which  there 
would  ho,  no  doubt,  considerable  divergence  of 
views.  It  is  believed  that  the  design,  by  reason 
of  the  large  area  afforded  by  the  serrations,  mili- 
tates against  such  a  vapour  velocity  as  is  calcu- 
lated  to  ensure  satisfactory  bubbling. 

Figure 32 represents  the  elements oi  a  still  possess- 
ing several  merits,  particularly  the  one  of  creating 


Fig.  29. 

Elements  of  Gas  Liquor  Stills. 

vantage,  it  is  feared  that  the  area  for  the  ascent 
of  the  gas  is  far  too  large  for  ensuring  satisfactory 
bubbling,  and  the  liquor  overflows  also  appear  to 
be  unnecessarily  restricted,  although  protruding 
as  they  do  beyond  the  castings,  they  are  without 
doubt  easy  of  access. 

Figure  31  represents  the  constituent  parts  of  a 
still  of  recent  design.  This  still  has  a  very  large 
capacity.  The  designers  have  recognised  the  im- 
portance of  large  overflows  and  the  advantage 
attending  the  depth  of  chamber  in  relation  to  the 
liquor  on  the  trays  as  increasing  the  factor  of 
time  contact.  Moreover  the  weight  of  the  still  in 
i elation  to  the  capacity  is  certainly  a  chemical 
engineering  achievement.  The  latter  is  largely 
due   to  the   adoption  of  a   small   liming  chamber, 


Fir;.   30. 
El  ments  of  Gas  Liquor  Stills. 

bubbling  over  a  large  surface  area,  and  ensuring 
impact  between  the  respective  bubbles  from  the 
several  hoods.  It  will  be  an  advantage  if  the 
makers  will  in  future  increase  the  diameter  of 
the  overflow  pipes,  as  it  is  not  inconceivable  that 
trouble  may  arise  from  this  cause. 

Figure  33  represents  the  chief  constituent  parts 
of  a  still  which  was  designed  nearly  forty  years 
ago.     Whilst  the   designer   has   apparently   recog- 
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nised  the  importance  of  maximum  agitation  of 
the  liquid,  it  is  feared  that  the  area  of  the  serra- 
tions, which  are  largely  in  excess  of  the  area  of 
the  gas  outlet,  will  obviate  tins  desideratum. 

Figure  34  represents  the  elements  of  a  square  still, 
certain    advantages    of    which    have    already    been 


Fig.  31. 

Elements  of  Gas  Liquor  Stills. 

named.  Here  the  importance  of  vapour  velocity 
appears  to  have  been  recognised,  although  impact 
of  the  bubbles  appears  impossible.  The  liquor 
overflow  might  with  advantage  be  enlarged. 

Figure  35  represents  the  details  of  a  still  which 
it  is  understood  is  used  to  a  considerable  extent 
in  connexion  with  ammoniacal  liquor  arising  from 
the  distillation  of  shale.  The  position  in  which 
the  bubblers  lie  is  varied  alternately  with  each 
chamber.  Thus  they  cross  at  right  angles.  Simi- 
larly the  overflows  are  arranged  alternately. 
This  design,  it  is  feared,  does  not  allow  of  a  suffi- 
ciently rapid  vapour  velocity  to  ensure  satisfac- 
tory bubbling,  although  the  arrangement  of  the 
hoods  and  their  comparative  contiguity  will 
doubtless  assist  in  causing  conflict  between  the 
respective  bubbles. 

Figure  36  is  similar  in  many  respects  to  the  ele- 
ments of  one  of  the  other  square  stills  to  which 
reference  has  already  been  made. 

Figure  37  represents  the  sections  of  a  still  which 
has  obviously  been  designed  to  ensure  agitation 
over  a  large  area,  but  unfortunately  the  low 
velocity  of  the  gas  is  not  calculated  to  assist  to 
this  end.  The  manholes  appear  to  afford  satis- 
factory access  to  the  overflow  pipes,   but  whether 


Fig.  32. 
Elements  of  Gas  Liquor  Stills. 


Fig.  33. 

Elements  of  Gas  Liquor  Stills. 
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the  serrations  of  the  hoods  can  be  ;is  easily 
cleaned,  or  whether  they  can  be  readily  withdrawn, 
is  a.  matter  of  doubt.     If  there  had  been  a  larger 
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Kig.  34. 
Elements  of  Gas  Liquor  Stills. 
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vapour  space  above  the  liquid  level  in  the  trays, 
this  would  have  ensured  a  greater  time  contact 
which  obviously  is  a  decided  advantages. 
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"Liming  "  and  liming  chambers. 

The  most  economical  way  of  liming  the  gas  liquor, 
which  lias  been  deprived  of  its  volatile  ammonia, 
is  to  introduce  powdered  lime  by  a  positive  method 
to  the  liming  chamber.  By  pursuing  this  method 
steam  and  water  are  economised,  and  in  addi- 
tion advantage  can  be  taken  of  the  heat  gener- 
ated by  the  formation  of  calcium  hydroxide.  The 
importance  of  this  aspect  is  made  evident  by  the 
graphs  and  data  furnished  in  Fig.  19. 

Unfortunately  lime  containing  96  per  cent.  CaO 
and  free  from  ashes  is  very  difficult  to  obtain,  and 
no  doubt  this  has  been  one  of  the  deterring  factors 
to  the  adoption  of  such  a  method  as  the  one  indi- 
cated. It  is  found  in  practice  that  cream  of  lime 
cannot    be     pumped     satisfactorily,     and    that   if 


Coming  to  the  question  of  the  size  of  a  liming 
chamber,  it  would  appear  evident  that  if  agitation 
is  to  be  efficient,  there  must  be  a  limit  to  the  size 
of  the  liming  chamber  in  relation  to  a  given 
volume  of  limed-liquor  treated.  Undoubtedly  one 
of  the  faults  of  design  of  many  liming  chambers 
is  that  they  are  too  large  and  allow  calcium  salts 
to  settle  out,  instead  of  being  retained  in  a  state 
of  suspension.  This  is  a  matter  to  which  in- 
creasing attention  could  be  very  profitably 
devoted. 

Not  infrequently  has  the  question  been  asked, 
by  managers  in  charge  of  small  and  medium  sized 
sulphate  of  ammonia  plants,  whether  any  formula" 
were  known  relative  to  the  quantity  of  milk  of  lime 
required  per  unit  volume  of  gas  liquor  containing 


■  lbs.  milk  of  lime  containing  13-7  lbs    CaO. 
Thousand  B.T.U's. 
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2-0 
60 


2-2 
55 


2-4 

60 


2.6 
65 


2-8 
70 


3-0 
75 


Lb.  CaO  per  gall. 
80       85 


Sp.  gr,  (°Tw.) 

4 

8 

12 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

38 

40 

Lb.  CaO  per  gall 

0-244 

0-498 

0-752 

1-00 

113 

1-26 

1-38 

1-52 

1-64 

1-77 

1-90 

2-08 

2-16 

2-42 

2-55 

Galls,  required  to  give   13-7 

lb.  CaO       

56-1 

27-5 

18-2 

13-7 

121 

10-9 

9-9 

9-0 

8-4 

7-7 

7-2 

6-7 

6-3 

5-7 

5-4 

Lb.  required  to  give  13-7  lb. 

CaO              

572 

286 

193 

148 

132 

120 

110 

101 

95 

88 

83 

78 

74 

67 

65 

A.  Heat  required  for  dissolu- 

tion, B.Th.U.  (1000's).. 

86-4 

43-2 

29-2 

22-4 

19-9 

18-4 

16-6 

15-3 

14-3 

13-3 

12-5 

11-8 

11-2 

101 

9-8 

B.  Heat  absorbed  in  distilla- 

tion, ditto 

60-9 

30-5 

20-5 

15-8 

141 

12-8 

11-7 

10-8 

101 

9-4 

8-8 

8-3 

7-9 

7-2 

6-9 

Notes. — 1.  The  above  figures  are  calculated  for  the  distillation  of  100  galls,  of  8-oz.  liquor  having  a  fixed  ammonia  content  of  0'346% 
w/v  (20%  of  the  total  ammonia). 

2.  An  excess  of  20%  above  theoretical  lime  quantity  is  allowed. 

3.  The  milk  of  lime  enters  the  still  at  110°  F.  and  has  therefore  to  be  raised  through  106-5°  to  216-5°  (the  temp,  of  distillation). 

4.  The  heat  required  for  the  dissolution  of  the  lime  is  taken  as  151  B.Th.U.  per  lb.  of  solution. 

Fig.  19. 

Diagram  having  reference  to  tlie  thermal  aspect  of  the  application  of  lime. 


pumping  is  resorted  to  milk  of  lime  of  about  16° 
Twaddell  at  70°-75°  C.  has  to  be  used.  The  lime 
mixer  must  obviously  be  placed  in  such  a  position 
that  the  cream  of  lime  (say)  of  30°  Tw.  can  be 
gravitated  direct  to  the  liming  chamber.  When 
regard  is  had  to  the  fact  that  lime  is  with 
difficulty  soluble  in  water  (only  a  0.17  per 
cent,  solution  at  15°  C.  being  possible)  the  im- 
portance of  maintaining  the  cream  of  lime  in 
agitation  with  the  liquor  need  not  be  unduly 
emphasised. 

The  introduction  of  cream  or  milk  of  lime  to 
the  still  chills  the  liquor  at  the  foot  of  the  liming 
chamber  momentarily,  but  sufficient  steam,  usu- 
ally about  10  per  cent,  of  the  total,  has  to  be 
added  to  ensure  the  necessary  agitation  and  to 
maintain  the  mixed  liquor  at  boiling  tempera- 
ture. 


a  certain  percentage  of  fixed  ammonia  in  relation 
to  the  total  ammonia. 

Figure  38  is  of  interest  in  this  connection.  It  is 
clear  that  a  formula  of  the  kind  referred  to  can 
be  readily  calculated  from  analytical  data.  One 
such  formula  (based  on  the  milk  of  lime  required 
per  hundred  gallons  of  gas  liquor)  of  which  the 
writer  has  knowledge  is  expressed  thus  :  — 

V7    =   65  F    -   L, 

where  V  represents  the  volume  of  milk  of  lime 
in  gallons,  F  the  fixed  ammonia  content  of  the 
gas  liquor  in  ounce  strength,  and  L  the  strength 
of  lime   in  degrees  Twaddell. 

The  following  calculation  will  afford  an  indica- 
tion as  to  how  the  above  formula  has  been  arrived 
at,  and  incidentally  gives  an  idea  of  the  excess 
milk  of  lime  solution  which  it  contemplates :  — 
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1  oz.  sulphuric  acid =0.3469  oz.  XH3. 

1°  Tw.  milk  of  lime=0*845      CaO  at  70°  O.; 

or,  in  100  oz.  ditto  there  is  0845  oz.  CaO 

in  1  gallon  ditto     ..      ..     1352  .,       ,, 

2  NH,   :   CaO  as  34   :   56 

1  oz.  fixed  ammonia  reqviires  — 

=0-5712  oz.  CaO. 
The  factor  per  gallon  of  gas  liquor  on  the  above 
given  data  is  0*5712-*- 1*352=0*42,  or  a  factor   per 
100  gallons  of  42. 


ism*     J^,t 


Steam  Id  let 


Fig.  20. 
Liming  Chambers. 

Presumably  the  formula  cited  contemplates 
about  a  50%  excess  of  milk  of  lime.  This  is  rather 
excessive  as  extended  experience  suggests  that  the 
whole  of  the  fixed  ammonia  can  be  eliminated,  given 
reasonable  control  with  a  surplus  of  milk  of  lime 
of  10—20  %  of  the  theoretical. 


Coming  now  to  the  question  of  typical  liming 
chambers,  Fig.  20  shows  a  pipe  bringing  the  gas 
liquor  to  be  limed  to  the  foot  of  the  still,  at  which 
point  the  milk  of  lime  is  added.  The  steam  inlet 
pipe  is  provided  with  four  outlets  two  of  which 
are  placed  tangentially,  the  other  two  being  at 
right  angles  to  the  pipe.  The  baffle  plates  admit 
of  considerable  travel  for  ensuring  uniformity  of 
admixture. 

Figure  40  represents  another  form  of  liming 
chamber.  The  liquor  to  be  limed  is  brought  to 
the  foot  of  the  still  by  four  pipes  and  the  milk  of 
lime  is  admitted  at  the  foot  of  the  still,  a  suitable 
agitating  steam  pipe  with  radial  arms  being 
provided.  The  limed  liquor  ascends  the  liming 
chamber  and  is  filtered  through  a  perforated  plate 
prior  to  being  discharged  to  the  fixed  still. 
Whether  blockages  arise  on  the  perforated  plate 
is  not  known,  but  except  the  agitation  is  toler- 
ably effective,  it  is  feared  that  this  may  prove  a 
possible  source  of  difficulty,  particularly  so  as  the 
perforated  plate   is   not   too   readily  accessible. 

Figure  41  shows  a  simple  form  of  liming  chamber 


I" 
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Fig.  40. 
Liming  Chambers. 


which  intervenes  between  the  free  and  fixed  stills. 
The  liquor  to  be  limed  enters  almost  at  the  foot  of 
the  chamber,  at  which  point  the  milk  of  lime  is 
introduced.  Agitation  is  created  by  a  circular 
perforated  pipe,  the  limed  liquor  leaving  by  the 
overflow  pipe  shown   in  the  sectional  elevation. 

Figure  42  represents  another  typical  liming 
chamber  having  many  features  in  common  with 
those  already  described.  It  will  be  seen  that  this 
arrangement  provides  for  the  limed  liquor  pass- 
ing to  a  chamber  at  the  foot  of  the  column  before 
being  led  to  the  fixed  still. 

It  is  important  that  the  gas  liquor  should  be 
thoroughly  decarbonated  before  entering  the 
liming  chamber,  otherwise  the  ammonium  carbon- 
ate  will  react  with  the  milk  of  lime  forming 
calcium  carbonate,  which  becomes  hard  in  the 
still  and  renders  cleaning  much  more  frequent 
and  difficult. 

Where  the  liming  chambers  are  of  tolerable  size, 
provision  should  always  be  made  for  the  periodic 
emptying  of  the  liming  chamber  in  order  to  remove 
the  accumulations  of  lime  sludge  which  settle  out. 
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Indeed,  it  has  been  found  advantageous  in  the 
operation  of  many  stills  to  run  off  part  of  the 
limed  liquor  from  the  liming  chamber  direct  to 
the  waste  liquor  main  once  or  twice  each  day. 

Manholes  should  also  be  provided  in  connexion 
with  all  liming  chambers  in  order  to  afford  access 
for  cleaning  purposes. 

Seal  pots. 

To  prevent  the  escape  of  steam  etc.  from  the 
foot  of  the  fixed  still  or  fixed  segment,  it  is  neces- 


Fig.  41. 
Liming  Chambers. 

sary  to  provide  some  suitable  seal  pot  or  equivalent 
arrangement  in  order  to  ensure  that  the  steam 
admitted  to  the  fixed  still  will  proceed  through 
the  several  chambers  and  not  by-pass  the  appar- 
atus. Seal  pots  usually  take  the  form  of  a 
double-flanged  pipe  with  blank  plates,  top  and 
bottom.  The  waste  liquor  pipe  is  provided  with  a 
regulating  cock  immediately  on  the  outlet  from 
the  fixed  still,  and  this  pipe  is  led  in  some  cases 
to  the  foot  of  the  seal  pot  which  is  provided  with 
an  outlet  near  the  top,  or,   the  waste  liquor  pipe 


i^  fixed  inside  the  seal  pot,  discharging  the  waste 
liquor  near  the  foot,  the  outlet  from  the  pot  l>eing 
mar  the  top.  The  former  type  is  placed  on  the 
floor  level:  the  latter  type  is  sunk  into  the 
ground.  It  is  preferable  that  a  vent  pipe  should 
be  provided  in  connection  with  the  seal  pot  so 
as  to  prevent  steam   "  locks." 

An  adjustable  type  of  sealing  device  which  is 
quite  a  commendable  arrangement  is  shown  in 
Fig.  43. 

There  are  three  essential  factors  affecting  the 
efficiency  and  success  of  any  continuous  distilla- 
tion operation,  viz.,  constant  steam  supply,  con- 
stant feed  and  constant  discharge. 

Constant  steam  supply. 

The  pressure  against  which  the  steam  has  to 
work  in  the  fixed  still,  where  usually  90%  of 
the   total    steam    is    admitted,    is    the    pressure   of 


Fig.  42. 

Liming  Chambers. 


the  combined  seals  in  the  several  trays,  plus  the 
seal  of  the  cracker  pipes  of  the  saturator,  and 
the  skin  friction  of  the  preheaters,  coolers  and 
pipe  lines.  This  pressure  will  obviously  vary 
with  different  stills,  but  usually  does  not  exceed 
3£  lb.  per  sq.  in. 

In  the  case  of  the  steam  admitted  to  the  liming 
chamber,  the  pressure  against  which  this  will 
have  to  work  will  be  of  the  order  of  5 — 6  lb.  per 
sq.  in.  It  is  clear,  therefore,  that  some  form  of 
reducing  valve  must  be  used,  in  order  to  reduce 
the  pressure  at  which  the  steam  boilers  normally 
work  to  a  pressure  compatible  with  the  require- 
ments of  the  stills. 

Figure  44  shows  the  reducing  value  with  constitu- 
ent parts,  which  is  found  to  be  effective  for  the 
purpose  in  question.  The  high-pressure  steam 
enters  tangentiallj-  and  passes  through  the  slotted 
holes  of  the  cage,  and  the  extent  to  which  the 
spindle,  which  carries  two  inverted  mushroom- 
type    valves,    is  weighted,    determines  the  size  of 
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the  apertures,  through  which  the  steam  has  to 
pass,  and  incidentally  governs  its  pressure. 
■Suitable  drainage  provision  for  any  condensation 
is   made. 

i  'onstant  ft  ed  of  liquor. 
Many  arrangements  for  ensuring  a  constant  feed 

of  liquor  to  ainnioniacal  liquor  .stills  have  been 
devised.  Generally  speaking,  those  having  a 
float  or  suitable  steel  ball  valve  placed  inside  a 
small  tank  are  the  ones  in  operation  in  connexion 
with    small    and    moderate    sized    distillation    units. 


An  arrangement  for  ensuring  satisfactory  and 
uniform  feed  in  connexion  with  large  units  of 
plant  is  shown  in  diagram  Fig.  45.  'Phis  arrange- 
ment provides  for  direct  pumping  of  the  liquor 
to  the   still,   the  rate  of  feed   being  governed   by 

a  cock  to  which   is  fitted  a   graduated  quadrant    and 

pointer.  A>  a  means  of  governing  the  delivery 
of  liquor  from  the  pump  a  connection  is  made 
from  the  delivery  line  to  the  suction,  and  inserted 
iii  this  line  is  a  spring-type  of  by-pass  valve, 
the  details  of  which  are  illustrated  in  Kig.  46. 
The    principle    of    this    by-pass    valve    is    that    the 


Fig.  43. 
Photograph  showing  an  adjustable  seal  arrangement  in  connection  with  gas  liquor  stills. 


On  the  whole  this  type  of  constant  iced  arrange- 
ment has  been  found  fairly  satisfactory  m  oper- 
ation. Some  makers  provide  a  graduated  sight 
feed  arrangement,  consisting  of  a  globe  inside 
which  is  placed  a  pipe  having  a  series  of  vertical 
stepped  holes,  graduated  to  represent  varying 
rates  of  flow. 

The  only  disadvantage  of  either  of  the  above 
arrangements  is  the  fact  that  the  pressure  against 
which  the  liquor  is  discharged  is  a  slightly  vary- 
ing one,  dependent  on  the  depth  of  the  acid  seal 
in  the  saturator. 


liquor    floats   the    mushroom     valve     against     the 
pressure  of  the  spring  which  can  be  adjusted. 

Constant  discharge. 

This  is  dependent  almost  wholly  on  the  main- 
tenance of  the  two  conditions  to  which  reference 
has  just  been  made.  It  has  been  found  in  prac- 
tice that  the  setting  of  the  outlet  cock  can  best 
be  adjusted  by  providing  it  with  a  graduated 
quadrant  and  pointer.  In  starting  a  new  unit, 
it  will  be  assumed  that  the  erectors  have  defin- 
itely ensured  that  the  trays  are  dead  level,  other- 
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wise  a  grave  defect,  prejudicially  affecting  the 
efficiency  and  subsequent  working  of  the  plant 
has  occurred. 

It  is  known  that  unsuspected  mal-alignment  of 
the  elements  of  stills  lias  been  the  cause  of  con- 
siderable trouble  in  operation;  the  capacity  of 
the  plants  being  seriously  affected,  the  waste  liquor 


INLET 


Fig.  44. 
Reducing  Valve  and  parts. 

being  high  in  ammonia  content  and  the  steam- 
arnmonia  stream  low  in  ammonia  concentration, 
causing  trouble  in  the  saturator. 

Prior  to  the  admission  of  steam  to  the  still  for 
heating  purposes  it  is  important  that  all  the 
trays  should   be  sealed  as   well   as   the  steam  pipe 


ment  is  to  take  a  ljin.  wrought  iron  pipe  from 
the  cast  iron  pipe  leading  from  the  still  to  the 
saturator,  and  provide  this  with  a  cock,  allowing 
the  discharged  foul  air  to  be  emitted  to  the 
atmosphere. 

The  practice  of  venting  a  still  inside  the  still- 
house  is  a  dangerous  one  and  should  be  discoun- 
tenanced. 


OUTLET 


INLET 


Fig.  46. 
Photograph    of   Gas    Liquor    By-Pass    Valve. 

The  gradual  admission  of  steam  to  the  still  is 
important,  particularly  with  the  types  of  distil- 
lation apparatus  which  consist  of  a  series  of 
double-flanged  pieces  which  are  heavy  in  charac- 
ter. Such  stills  must  he  cautiously  heated,  other- 
wise the  irregularities  of  expansion  will  cause 
fracture. 


Fig.  45. 
Diagrammatic  Sketch,  showing  arrangement  for  (a)  maintaining  constant  feed  of  gas  liquor,  and  (6) 

safety-valve  arrangement. 


or  jets  in  the  liming  chamber  and  the  fixed  still. 
The  heaters  and  coolers  should  also  be  filled  with 
gas  liquor  and  water  respectively  so  as  to  prevent 
possible  fracture  of  the  pipes  when  the  cold  liquor 
is  first  introduced.  Provision  should  be  made  for 
venting  the  air  from  the  still.    A  suitable  arrange- 


With  a  new  still  of  tolerably  large  capacity 
at  least  twelve  hours  should  be  allowed  for  raising 
the  temperature  to  the  requisite  degree  for  the 
admission  of  the  gas  liquor. 

Thermometers  should  be  provided,  preferably 
fixed  in  suitable  oil   pockets,   on  the  liquor    inlet 
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t-o  the   preheaters  and  on   the  outlet  to   the  still. 
and  similarly  thermometers  should  be  fixed  on  the 

waste  gas  inlet  to  the  coolers  and  on  the  outlet. 

It  is  also  desirable  to  arrance  a  centrally  situ- 
ated gauge  board  as  shown  in  Kig.  4",  so  that 
the  boiler  steam   pressure   and   the  reduced  steam 


in  the  case  of  category  A  type  of  plant,  and  the 
columns  in  the  case  of  categories  IS  and  C  should 
lie  provided  with  an  efficient  safety  valve.  Fig.  45 
shows  a  suitable  point  at  which  the  valve  can  be 
fixed,  and  Fig.  48  shows  the  constituent  parts  of 
the  suggested  safety  valve,  which  is  of  a  simple 
spring  type  and  can  be  easily  adjusted  and  set  to 
relievo  at  any  predetermined  pressure. 


Fig.  47. 
Photograph  of  Gauge  Board. 


Fig.  48. 
Photograph  of  Safely  Valve. 
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Fio.  49. 
Continuous  thermographic  record  of  the  temperature  of  the  effluent  liquor  leaving  a  gas  liquor  still. 


pressure,  as  well  as  the  pressure  of  the  liquor 
being  pumped  to  the  stills  and  the  resistance 
thrown  by  the  passage  of  the  waste  gases  through 
the  heaters  and  coolers  and  subsequent  pipe  lines, 
can  be  observed  without  difficulty  by  the  operator 
of  the  plant. 

It    is   equally   important    that   each   of  the   stills 


The  heating  of  a  still  after  temporary  stoppage 
need  not  occupy  more  than  four  hours.  After 
the  top  portion  of  the  still  has  become  warm,  the 
cock  of  the  vent  pipe  can  be  closed  and  the  steam 
sent  forward  through  the  saturator,  the  cracker 
pipes  in  which  have  been  sealed  with  mother 
liquor.      It    is    important    that    the    devil    liquor 
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outlet  cocks  should  be  opened  immediately  the 
heaters  become  warm  in  order  to  allow  of  the 
automatic  withdrawal  oi  condensation  which 
must  arise,  due  to  the  cooling  influence  of  the 
gas  liquor  and  water  with  which  the  heaters  and 
coolers   are  filled. 

Prior  to  feeding  the  still  with  gas  liquor  it  is 
wise  to  pump,  or  gravitate,  milk  or  cream  of  lime 
to  the  still,  so  that  by  the  time  the  gas  liquor 
is  introduced,  there  is  a  complement  of  boiling 
milk   or  cream  of   lime  in  the   liming   chamber. 

The  raising  of  the  temperature  of  the  apparatus 
to  this  point  is  usually  done  with  steam  at  boiler 
pressure,  but  immediately  the  liquor  feed  is  com- 
menced the  reducing  valve  should  be  brought  into 
operation  by  removing  one  or  more  of  the  weights 
on  the  spindle.  The  next  step  is  to  direct  atten- 
tion to  the  passage  of  the  limed  liquor  to  the 
fixed  still,  the  connecting  pipe  to  which  is  usually 
provided  with  a  cock  so  that  samples  can  be  drawn 
from  time  to  time.  As  soon  as  the  limed  liquor 
enters  the  fixed  still  a  further  and  final  adjust- 
ment of  the  steam  reducing  valve  and  the  steam 
inlet  valves  to  the  stills  is  necessary. 

Temperatures  at  the  essential  parts  of  the 
plant  should  be  taken  at  regular  intervals  and 
should    be    recorded.  Equally    the    liquor    feed 

gauge  board  should  be  watched  very  carefully 
so  as  to  make  certain  that  a  uniform  feed  is  being 
obtained.  Records  of  the  liquor  fed  to  the  still 
should   be    made    half-hourly. 

It  is  usual  to  connect  a  cast  iron  pot  to  the  fixed 
still,  and  to  provide  such  pot  with  two  vertical 
pipes,  one  of  which  is  carried  almost  to  the  foot 
of  the  pot  and  which  is  provided  above  the  pot 
with  a  glass  tube  suitably  connected  to  give  an 
indication  of  the  working  level  of  the  still,  the 
other  pipe  being  attached  to  the  cover  of  the  pot 
in  order  to  serve  as  a  safety  valve. 

One  other  point  of  importance  as  affecting  the 
operation  of  gas  liquor  stills  has  reference  to  the 
necessity  for  a  uniform  feed  of  devil  liquor  along 
with  the  gas  liquor.  It  has  been  found  that  an 
indication  of  the  uniformity  of  conditions  is 
furnished  by  taking  a  continuous  temperature 
record  of  the  waste  liquor  leaving  the  still.  A 
typical  chart  taken  under  such  conditions  is  shown 
in  Fig.  49. 

A  continuous  sample  of  the  waste  liquor  leav- 
ing the  still  should  be  taken  and  a  definite 
standard  adhered  to  in  this  connexion.  Experi- 
ence suggests  that  0.015  per  cent.  NH3  in  the 
waste  liquor  is  an  economic  strength,  as  working 
below  this  limit  simply  resolves  itself  into  the 
recovery  of  an  exiguous  amount  of  ammonia  at 
the  expense  of  laliour  in  the  operation  of  the 
plant.  The  devil  liquor  should  be  tested  period- 
ically from  the  points  of  view  of  its  freedom  or 
otherwise  from  ammonia  and  its  volume.  The 
presence  of  ammonia  indicates  that  leakages  are 
occurring,  and  these  should  be  arrested  at  the  very 
outset.  An  unduly  large  volume  of  devil  liquor 
suggests  a  high  consumption  of  steam  in  the  dis- 
tillation of  the  liquor,  or  otherwise  the  leakage 
of  water  in  the  coolers. 

Early  indications  are  furnished  of  the  fouling 
of  the  stills  by  the  necessity  for  reducing  the 
volume  of  steam  being  introduced  thereto,  and 
it  will  be  found,  other  things  being  equal,  that 
the  effluent  liquor  gradually  increases  in  point 
of  ammonia  content.  If  tar  accidentally  becomes 
mixed  with  the  liquor,  in  order  to  prevent  this 
adversely  affecting  the  working  of  the  still,  the 
preheaters  and  pipe  lines  to  the  still  should  be 
discharged,  such  discharged  liquor  being  returned 
to  a  tank  for  separation  or  other  suitable  treat- 
ment. 

In  concluding  these  observations  the  author 
desires  to  summarise  his  views  as  to  the  direction 


in  which  progress  in  the  design  of  ammoniacal 
liquor  stills  is  likely  to  proceed  in  the  future. 

Designers  must  concentrate  their  attention  and 
energies  to  the  evolution  of  the  elements  of  a 
still  which  "ill  be  economical  as  regards  steam 
consumption.  Data  must  be  arrived  at  as  to  the 
relative  value  of  attenuated  bubbling,  as  com- 
pared with  time  contact  of  the  liquid  and  the 
vapours  as  a  factor  in  aiding  equilibrium. 
Obviously  distillation  cannot  proceed  until  the 
vapour  pressure  of  the  ammonia  in  solution  in 
the  trays  is  in  excess  of  the  vapour  preBSure  of 
the  ammonia   in  the  vapours. 

The  author  is  led  to  the  belief  that  such  a 
form  of  bubbling  device  can  be  designed  as  will 
not  only  assist  in  promoting  optimum  bubbling, 
with  maximum  impact  between  the  respective 
series  of  bubbles  so  formed,  but  that  such  an 
arrangement  need  not  necessarily  appreciably 
reduce  the  factor  of  time  contact  of  the  liquid 
and  vapour.  Such  time  contact  can  obviously  be 
increased  by  allowing  a  tolerably  large  vapour 
space  above  the  liquid  in  the  trays. 

Optimum  bubbling  is  a  function  of  a  definite 
vapour  velocity,  which,  when  exceeded,  will  hold 
up  the  liquid  and  prevent  contact  between  the 
vapour  and  liquid — in  other  words,  will  defeat 
its  own  object.  This  definite  vapour  velocity  will 
differ  in  each  compartment  of  the  still,  by  reason 
of  the  varying  vapour  volumes,  and  instead  of  as 
at  present  the  serrations,  or  perforations,  of  the 
bubblers  being  uniform  in  size,  these  must  be 
modified  in  accordance  with  the  varying  volumes 
indicated. 

As  regards  the  utilisation  of  the  surplus  heat 
leaving  the  saturator,  it  is  evident  that  the 
present  arrangement  of  plant  as  generally  known 
must  be  improved  in  order  that  more  satisfactory 
conservation  of  the  heat  available  can  be  ensured. 
There  are  several  possibilities  in  this  direction 
which  must  occur  to  one  on  careful  consideration 
of  the  conditions  obtaining. 

Finally  the  author  wishes  to  express  his  thanks 
to  those  chemical  plant  manufacturers  and  gas 
engineers  who  have  kindly  placed  drawings  and 
photographs  of  their  stills  and  accessory  plant 
at  his  disposal,  without  which  the  paper  must 
obviously  have  been  less  comprehensive  in  its 
scope  and  data. 

He  also  wishes  to  express  his  thanks  to  Dr. 
Carpenter  and  Mr.  E.  V.  Evans,  F.I.C.  (the 
Chief  of  the  Chemical  Department),  for  their  per- 
mission to  publish  certain  experimental  and 
other  data  embodied  in  the  paper,  and  for  their 
helpful  guidance  at  all   times. 

His  thanks  are  likewise  due  to  Messrs.  O.  W. 
Weight,  F.  C.  Snelling,  and  C.  E.  Parr  for  their 
assistance  in  the  preparation  of  several  of  the 
drawings  and  diagrams,  and  for  their  helpful 
suggestions. 


Discussion. 

The  Chairman  said  he  was  sure  they  had  all 
listened  very  attentively  to  Mr.  Parrish,  and  he 
hoped  also  that  they  had  read  the  advance  copies 
of  the  paper  prior  to  the  meeting.  He  would  not 
speak  on  it  himself  at  the  moment,  but  would  say 
something  on  the  paper  at  the  end  of  the  discussion. 

Mb.  Charles  Cooper  said  that  in  the  paper  it 
showed  that  the  author  had  a  radiation  loss  on  the 
sulphate  still  of  about  3000  B.Th.TJ.,  and  on  the  heat 
exchangers  of  70,000  B.Th.U.,  with  presumably 
approximately  the  same  temperature  differences  and 
proportionate  areas.  This  was  a  matter  upon  which 
he  would  like  to  have  a  word  before  the  discussion 
ended.  In  the  author's  remarks  on  various  designs 
of  columns  a  common  feature  was  mentioned,  i.e., 
the  large  number  and  area  represented  by  the  serra- 
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tions  compared  with  the  diameter  of  tin-  gasway. 
The  connection  w as  one  «  nich  could  better  be  appre- 
ciated mentally  than  stated  in  precise  values.  The 
penalty  "t  not  true  levelling  when  erecting  a  column 
was,  no  doubt,  more  heavily  felt  in  such  cases.  The 
author  had  hardly  touched  upon  a  matter  that 
seemed  to  him  (Mr.  Cooper)  to  he  quite  important, 
that  was,  tin-  entrainment  of  liquid  from  tray  to 
tray  upwards,  and  the  manner  in  which  it  affected 
tlie  efficiency  of  removal  for  a  given  steam  consump- 
tion. Where  cntrainment  took  place  in  sensible 
quantity,  two  effects  were  felt.  One  of  these  could 
best  be  appreciated  by  Btating  the  limiting  case. 
which  was  what  would  obtain  if  it  were  possible  to 
blow  the  whole  of  the  liquor  out  of  the  still ;  a  single- 
stage  action  would  be  produced,  and  any  given  pro- 
portion of  removal  would  be  very  wasteful  in  .steam 
compared  with  a  multiple-stage  treatment  of  the 
same  gross  capacity.  In  a  more  general  form,  this 
proposition  could  be  stated  in  this  way  :  that  in  any 
countercurrent  process  carried  on  in  interrupted 
stages  there  was  a  downward  limit  of  the  number  of 
stages  which  must  be  provided  to  produce  a  definite 
proportionate  stripping  along  with  any  desired 
richness  of  product  (in  this  case  a  steam-ammonia 
mixture"!.  The  first  effect  of  entrainment  was  to 
blur  the  sharpness  of  the  "  cut  "  between  stages,  and 
the  practical  result  was  the  same  as  if  the  gross 
capacity  provided  had  been  divided  into  a  less 
number  of  sections.  The  second  effect  was  one  of 
dilution  of  the  liquid  in  any  section  by  the  addition 
of  weaker  material  from  below,  therefore  producing 
the  result  that  a  greater  quantity  of  liquor  of  lower 
strength  was  actually  being  stripped.  These  two 
considerations  dictated  at  some  point  a  limit  on  the 
amount  of  turbulence  desirable  in  such  a  column. 
That  considerable  entrainment  could  take  place  was 
seen  in  the  provision  of  a  void,  and  frequently  a 
trap  for  drops,  at  the  outlet  of  the  column.  The 
lime-charged  liquor  was  also  liable  to  froth,  but,  of 
course,  there  could  be  no  sharp  demarcation  between 
frothing  and  entrainment.  This  led  him  to  suggest 
that  the  prevalence  of  large  bubbling  areas  in 
various  designs  had  possibly  arisen  from  the  manu- 
facturer finding  that  the  advantage  of  splitting  his 
available  area  or  volume  into  a  large  number  of 
sections  was  nullified  by  the  conditions  stated,  and 
he  had  compromised  on  empirical  results,  but  at 
different  values.  With  respect  to  designing  for 
minimum  steam  consumption,  the  limiting  con- 
ditions appeared  to  be  these:  that,  once  having 
all  liquor  admitted  at  the  boiling  point  for  the  still 
pressure,  the  only  heat  absorptions  were  those  repre- 
sented by  the  dissociation  of  ammonia  salts,  and,  of 
course,  the  hydrate,  the  radiation  losses,  and  the 
elevation  of  boiling  point  due  tr>  rising  pressure  as 
the  liquor  travelled  downward.  All  these  were 
represented  by  condensation  and  loss  of  superheat, 
if  any,  of  the  steam,  and  presumably  were  irre- 
ducible or  subject  to  proper  treatment.  They  hail 
further  to  provide  a  vehicle  to  effect  the  release  of 
the  ammonia,  and  the  steam  employed  here  had  a 
minimum  value  represented  by  such  values  as 
Piron's,  quoted  by  Mr.  Parrish.  The  partial 
pressure  of  ammonia  in  solution  of  its  compounds 
at  about  100°  C.  was  not  the  only  quantity  which 
appeared  to  matter,  according  to  certain  figures 
which  he  had  examined.  Without  attempting  to  go 
too  deeply  into  this  aspect  of  the  matter,  the  con- 
ditions in  the  column  to  which  those  figures  re- 
ferred showed  that  the  actual  consumption  was 
about  1}  times  the  minimum  quantity  required 
merely  as  a  vehicle  for  the  ammonia  ;  and  a  part  of 
the  excess  was  represented  by  the  losjes  to  be  made 
up  in  the  column.  The  consumption  was  about  the 
same  as  that  shown  on  the  thermal  balance  shei  ' 
hut  the  distribution  was  different,  a  greater  propor- 
tion being  admitted  to  the  fixed  still.  F.  ET. 
Wagner,  in  his  book  on  "  Coal-Gas  Residuals,"  had 
stated   the   heat   absorption   per  lb.   of   XHj  disso- 


ciated in  the  still  from  salts  as  1880  B.Th.TJ.  Hence, 
lor  15-5  lb.  ML  an  absorption  of  29,000  B.Th.TJ. 
was  in  lie  all. .wed.  equal  to  30  lb.  of  steam,  which 
was  13  !  of  the  total  steam  consumption. 

Dr.  K.  W.  Smith  said  that  as  the  paper  was  an 
attempt  to  show  that  increased  efficiency  should  be 
obtained  in  sulphate  production,  he  would  have 
liked  some  very  strong  reference  to  what  gas  works 
might  do  for  themselves  before  tin1  ammonia  liquor 
was  sent  to  the  distillery,  in  assisting  to  reduce  the 
cost  of  sulphate  production.  It  was  an  old  sugges- 
tion, but  now  that  the  new  gas  Act  had  come  into 
fone,  and  the  therm  basis  was  standard,  and  the  illu- 
minating power  of  the  gas  was  no  longer  necessary, 
and  benzol  was.  or  should  be,  extracted  from  all 
coal  gas,  it  was  obvious  that  any  gas  undertaking 
that  did  not  employ  an  acid  catch  for  its  ammonia 
extraction  prior  to  the  purifiers  was  wasting  money 
and  energy.  If  they  considered  that  most  gas 
works  supplied  liquor  of  average  strength  of  per- 
haps 8  ounces,  it  would  he  quite  an  easy  thing  to 
produce  a  liquor  of  15  to  16  ounces  with  an  acid 
catch,  and  in  that  way  eliminate  at  least  one-third 
of  the  ammonia  scrubbers.  It  would  be  a  good 
thing  to  the  distiller  of  liquor  if  that  large  amount 
of  water  could  be  eliminated,  and  now  that  it  was 
possible  and  really  workable  he  felt  that  it  would 
be  well  worth  concentrating  on  what  might  be  done 
before  they  came  to  the  stills,  and  before  it  was 
necessary  to  do  any  standardising. 

Mr.  W.  R.  Sibbald  said  that,  as  a  matter  of  fact, 
in  supplying  steam  to  a  still  of  this  type  it  was 
found  that  by  reducing  the  size  of  pipe  between  the 
superheater  and  the  still  a  very  considerable 
economy  of  steam,  amounting  to  almost  25  per 
cent.,  was  effected.  If  the  question  of  the  size  of 
pipe  had  been  taken  into  account,  economy  would 
have  taken  place  much  sooner.  Another  point  was 
that  it  seemed  to  be  common  practice  to  use  serra- 
tions in  the  hoods.  He  supposed  the  idea  was  that 
automatically  the  bubbles  passing  through  would 
have  their  minimum  size.  As  a  matter  of  fact,  in 
using  a  serrated  hood,  ho  had  found  that  such  a 
hood  was  very  sensitive.  If  there  were  a  slight 
slope,  or  if  the  hood  were  slightly  displaced,  or  if 
there  were  some  fault  in  the  design,  it  caused  it  to 
tilt  slightly  to  one  side,  and  the  steam  was  all  dis- 
charged on  a  narrow  portion  of  the  periphery  of 
the  hood  and  gave  very  large  bubbles.  The  result 
of  that  was  that  there  was  a  great  deal  of  entrain- 
ment, whereas  if  the  bubbles  were  reduced  to  a 
minimum  equilibrium  was  established  in  the  mini- 
mum time.  In  considering  this  difficulty  he  had 
tried  different  types  of  hood,  and  as  an  alternative 
to  the  ordinary  one  he  had  several  rows  of  holes, 
l/16th-in.  in  diameter,  drilled  all  round.  That 
gave  a  fine  division  of  the  gas  and  brought  about 
equilibrium  much  more  rapidly.  Tlie  fault  of  that, 
however,  was  that  such  a  design  was  very  easily 
choked  up,  so  a  second  alternative  was  adopted,  in 
which,  instead  of  l/16th-in.  holes,  a  slot  of  about 
1-in.  depth  and  3/32nd-in.  width  was  tried.  A 
series  of  such  slots  was  cut  with  a  hack  saw, 
and  so  far  as  he  could  gather — it  was  rather  a 
difficult  matter  to  test — the  sub-division  of  the  gas 
was  almost  exactly  the  same  as  with  the  holes. 
It  seemed  to  him  that  this  was  not  a  very  minor 
matter,  because  if  the  gas  equilibrium  were  estab- 
lished rapidly  it  meant  that  the  number  of 
chambers  in  the  still  could  be  reduced,  and  conse- 
quently the  total  surface  area  of  the  still  would  be 
reduced,  and  the  radiation  loss  factor,  which  was 
put  at  the  high  figure  of  21  per  cent.,  would  be 
reduced  to  a  minimum. 

Or.  L.  F.  Goodwin  said  there  was  an  obvious 
mi-print  in  the  radiation  loss  in  the  heat  entering 
the  still  at  the  bottom  of  page  8.  which  was  given 
as  0.3  Mi.,  and  ought  to  be  31b.  Nevertheless,  even 
with  that  correction,  a  radiation  loss  of  0.7  per  cent. 
appeared  to  be  very  small.     The  only  other  point  he 
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wished  to  bring  up  was  tlio  question  of  intimate 
contact  between  the  bubbles  of  the  liquid,  which  was 
the  same  type  of  problem  in  the  column  still  or 
saturator  as  it  was  m  any  other  typo  of  absorption. 
With  a  serrated  hood  The  slightest  change  in  level 
between  any  of  the  slots  with  regard  to  the  rest  of 
the  liquor  led  to  unequal  bubbling.  If  there  was 
a  certain  minimum  depth  to  overcome  a  certain 
in  i  ii  i  in  i]  in  amount  of  head,  it  produced  more 
uniform  bubbling  all  round.  One  final  point  was 
that  he  should  think  small  traces  of  oil,  or  an  oil 
film,  in  any  liquor  of  that  sort  woidd  have  a  great 
deal  to  do  with  intimate  contact  between  the  gas 
and  the  still. 

Mr.  A.  (i.  Bvakd  (France)  said  that  he  was  con- 
cerned with  the  installation  of  a  Wilton  ammonia 
plant,  and  it  was  attached  to  two  steam  boilers. 
These  steam  boilers  were  certainly  not  overworked 
at  the  time  the  plant  was  installed,  but  they  were 
overworked  when  the  plant  was  put  into  operation, 
and  the  plant  worked  satisfactorily  while  the  rest 
of  the  works  stood  still.  The  poor  gas  manager 
asked  what  he  was  to  do,  and  he  told  him  he  must 
either  put  in  another  boiler  or  else  stop  the  works 
altogether.  About  this  time  a  friend  of  his  asked 
him  (Mr.  Byard)  if  he  could  introduce  into  Spain 
some  superheating  apparatus.  He  arranged  that 
the  experimental  apparatus  should  be  installed  at 
his  works.  They  started  with  low  pressure  in  the 
boilers,  at  about  90  lb.,  or  6  atmospheres,  and  the 
pressure  of  the  steam,  when  introduced  into  the 
ammonia  still,  was  about  14  lb.,  or,  say,  1 
atmosphere.  He  did  not  think  that  anyone  had 
thought  of  superheating  the  steam  before  then,  but 
it  was  done,  and  the  gas  works  went  on  their  way 
quite  satisfactorily,  with  the  result  that  one  boiler 
was  found  necessary  instead  of  two,  and  instead  of 
stopping  the  gas  works,  as  before.  Therefore,  he 
thought  that  the  question  of  superheating  steam 
was  well  worthy  of  consideration. 

The  Chairman  said  he  would  call  upon  Mr. 
Parrish  to  reply.  But  before  doing  so,  he  wished  to 
make  a  few  remarks  himself.  In  the  first  place,  he 
wished  to  compliment  Mr.  Parrish  on  the  paper  for 
one  special  reason,  and  that  was  that  it  was  the  first 
paper,  he  believed,  that  had  been  published  in  this 
country — he  did  not  know  about  the  Continent — in 
which  some  attempt  had  been  made  to  apply  scien- 
tific principles  to  the  design  of,  or  to  ideas  of 
designing,  a  still  for  separating  ammonia  from  gas 
liquor.  They  called  an  apparatus  or  a  vessel  for 
treating  gas  liquor  a  still,  but  personally  he  did  not 
think  it  was  quite  the  right  word.  They  were 
dealing  with  rather  a  peculiar  condition  of  affairs. 
They  had  a  liquid  in  which  the  gas  was  dissolved, 
and  what  they  were  doing  was  to  devise  an 
apparatus  to  boil  out  that  gas.  If  they  could  do 
that  without  distilling  the  water  they  would  have 
an  ideal  apparatus.  That  was  what  they  were 
aiming  at.  and  the  more  they  had  that  in  view — 
and  he  was  sure  Mr.  Parrish  had  it  in  view,  because 
he  was  talking  so  much  about  the  supply  of  steam — 
the  more  perfect  piece  of  apparatus  they  would 
have.  With  regard  to  the  serrated  hoods,  he  would 
like  to  give  a  little  piece  of  practical  experience  of 
his  own.  He  had  distilled  gases  in  many  types  of 
apparatus,  and  finally  was  induced  to  put  in  a 
Continental  still,  or,  as  it  was  called,  a  Continental 
dissociator.  That  was  a  Mallet  apparatus,  and  with 
that  still  the  whole  of  the  steam  required  to  make  a 
ton  of  sulphate  of  ammonia  was  obtained  with 
9|  cwt.  of  coal.  That  was  an  actual  figure,  from  a 
week  or  a  fortnight's  test,  and  included  the  whole 
of  the  steam  used  on  the  plant,  except  the  steam 
for  pumping  the  liquor  into  the  store  bin.  There- 
fore, he  thought  the  question  of  serrations  was  a 
little  too  accentuated,  but  possibly  some  of  them 
might  have  had  experience  of  a  still  of  that  type 
and  could  give  their  results.  Mr.  Parrish  had  given 
some    very    interesting    diagrams,    which    he    (the 


Chairman)  was  sure  would  he  of  very  great  service 
to  anyone  engaged  in  designing  stills  or  working 
them. 

Mr.  Parrish,  in  reply  to  the  discussion,  said  it 
was  obvious  that  Mr.  Cooper  understood  the  funda- 
mental principles  involved  in  the  distillation  ot 
ammoniacal  liquor,  but  he  was  afraid  that  he  had 
misunderstood  the  paper  in  connection  with  one 
or  two  points  that  he  had  raised.  So  far  as  the  still 
was  concerned,  he  had  attempted  in  the  paper  to 
itemise  the  loss  involved,  and  in  that  connection, 
despite  what  Dr.  Goodwin  had  said,  the  loss  from 
radiation  was  only  0'7  .  He  did  not,  however, 
wish  them  to  confuse  the  loss  via  radiation  as 
between  the  still  and  the  preheaters.  The  pre- 
heaters  were  placed  outside  purposely  with  a  view 
to  assisting  in  the  cooling  of  the  steam  and  waste 
gases  which  came  from  the  saturator,  because  there 
was  such  a  volume,  quite  apart  from  raising  the 
ammoniacal  liquor  to  boiling  point,  that  water  had 
to  be  used  in  order  to  dissipate  that  heat  before 
the  waste  gases  could  be  sent  forward  to  the  spent 
oxide  burners  for  combustion.  Mr.  Cooper  had 
directed  his  remarks  to  the  question  of  entrainment. 
In  connection  with  all  the  experiments  that  he  him- 
self had  conducted  as  regards  the  design  of  the 
elements  constituting  an  ammoniacal  liquor  still, 
he  had  had  the  question  of  optimum  velocity  well 
in  mind.  There  were,  however,  certain  figures  which 
could  not  be  disclosed  in  connection  with  these 
experiments,  because  they  were  fundamental  to  any 
new  design  which  might  possibly  be  patented.  But 
he  had  not  overlooked  the  question  of  entrainment, 
and  he  could  assure  Mr.  Cooper  that,  so  far  as  the 
stills  in  the  paper  were  concerned,  there  were  very- 
few  which  were  calculated  to  afford  much  difficulty 
from  the  point  of  view  of  entrainment,  having 
regard  to  the  definite  vapour  velocity  which  they 
gave.  In  point  of  fact,  the  steam  could  be  increased 
by  over  300%,  and  even  then  there  would  not  be 
any  difficulty  from  entrainment,  so  that  that  aspect 
had  not  been  overlooked.  The  question  of 
turbulency  was  a  very  important  matter,  as  he  had 
attempted  to  demonstrate.  Of  course,  it  must  be 
considered  in  relation  to  that  maximum  velocity 
which  did  not  create  entrainment.  There  was  also 
another  question  which  affected  turbulency,  and 
also  concerned  entrainment,  and  that  was  the 
question  of  constant  steam.  If  Mr.  Cooper  had  had 
any  experience  of  stills  throughout  the  country,  he 
would  have  found  that  there  were  very  few  people 
who  understood  the  reducing  valve,  and  singularly 
few  who  did  understand  the  reducing  valve  who 
even  attempted  to  control  the  working  of  it  so 
that  they  could  get  anything  approaching  constant 
steam  conditions.  If  they  were  rushing  steam  into 
a  still  in  gulps  they  would  get  turbulency  of  motion, 
quite  apart  from  the  question  of  the  design  of  the 
particular  element  involved.  Dr.  Smith's  remarks 
were  very  pertinent,  and  he  himself  was  still  in- 
vestigating the  question  as  to  the  maximum 
strength  at  which  gas  works  ought  to  operate  their 
scrubbing  plant,  in  order  that  it  might  be  reason- 
ably economical,  both  from  the  point  of  view  of  the 
gas  works,  and  from  the  point  of  view  of  the 
chemical  works  which  had  to  deal  with  ammoniacal 
liquor.  Indeed,  if  they  looked  at  the  curve  (Fig  15) 
it  would  be  seen  that  it  was  only  necessary  to 
continue  that  curve  with  higher  concentrations,  up 
to,  say,  5%  of  ammonia,  in  the  crude  liquor,  in 
order  to  see  precisely  what  the  economy  in  steam 
was  likely  to  be.  There  was  one  difficulty  so  far  as 
the  acid  catch  was  concerned  when  it  was  interposed 
between  the  scrubber  and  the  purifiers,  and  it  was 
a  difficulty  which  quite  a  number  of  gas  works 
which  had  worked  direct  plants  for  the  absorption 
of  ammonia  had  been  face  to  face  with,  and  that 
was  the  question  of  the  entrainment  of  the 
vesicular  acid,  which  caused  souring  in  the  purifier 
through  reaction  of  the  acid  mist  with  the  oxide 
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of  iron,  forming  sulphate  of  iron.  The  oxide  oi 
iron  in  the  purifiers  must  be  alkaline,  and  it  was 
impossible  to  purify  the  gas  until  such  soluble  iron, 
which  was  caused  by  the  reaction  of  vesicular  and 
and  oxide  of  iron  in  t lie  purifier,  was  neutralised, 
and  the  ferrous  sulphate  was  decomposed.  He  did 
not  say  they  could  not  use  an  acid  catch  and 
obviate  entrainment,  but  there  was  a  difficulty 
which  needed  to  be  carefully  considered  in  connec- 
tion with  any  such  proposal.  With  regard  to  Mr. 
Bibbald's  remarks,  he  had  not  suggested  that  steam 
consumption  was  a  minor  matter  when  introducing 
the  paper.  What  he  bad  said  was  that  steam 
consumption,  so  far  as  these  elements  were 
concerned,  was  a  minor  matter,  and  that  the  major 
question  was  the  utilisation  of  the  heat  leaving  the 
saturator.  All  the  remarks  that  Mr.  Cooper  had 
made  concerning  15%  being  the  maximum 
possible  saving  of  steam  consumption  were  directed 
to  the  type  of  sulphate  of  amnion ia  plant  as 
existing  to-day,  and  they  were  not  relevant  to  the 
plant  which  he  himself  had  attempted  to  visualise 
in  his  introductory  remarks  as  the  type  of  plant 
which  would  be  evolved  as  the  result  of  investiga- 
tions of  this  character.  Mr.  Sibbald  had  alluded 
to  the  form  of  the  serrations,  but  if  he  referred  to 
the  photograph  (Fig.  6)  he  would  find  that  the 
bubbler  there  was  provided  with  about  1000  holes.  If 
he  (Mr.  Sibbald)  put  a  magnifying  glass  to  that 
photograph  he  would  find  that  the  central  holes 
were  about  twice  the  size  of  the  outer  ones.  That 
bubbler  had  been  designed,  not  haphazard,  but  as 
the  result  of  a  good  deal  of  experience  in  connection 
with  this  question  of  bubbling,  which  was  closely 
bound  up  with  promoting  equilibrium  with 
minimum  steam  consumption.  Dr.  Goodwin  had 
referred  to  the  depth  of  bubble  and  the  question  of 


alignment.  So  far  as  he  personally  was  concerned, 
extraordinary  care  was  taken  in  aligning  sulphate 
ol  ammonia  stills.  He  «;is  able  to  get  them  dead 
level,  and  he  believed  in  the  foundations  being  such 
that  there  could  not  be  any  possibility  of 
subsidence,  lie  could  definitely  ensure  that  then' 
was  absolute  uniformity  so  far  as  the  slot  of  the 
hood  or  bubbling  device  was  concerned.  It  was 
quite  wrong  to  increase  the  depth  of  the  slot 
unnecessarily,  because  it  would  be  found  that  it 
added  to  the  steam  consumption.  The  smaller  the 
depth  of  the  seal,  consistent  with  ensuring 
uniformity,  the  better  from  the  point  of  view  of 
steam  consumption.  As  regards  oil,  there  was  no 
ammoniacal  liquor  in  the  country  that  was 
absolutely  free  from  oil.  Those  people  who  were 
settling  best  were  invariably  the  works  which  intro- 
duced a  certain  amount  of  hydrocarbons  specifieally 
lighter  than  the  ammoniacal  liquor  itself,  and  these 
hydrocarbons  were  usually  oils  of  the  creosote 
fraction,  so  that  in  connection  with  distillation  one 
was  always  faced  with  this  question  of  oil,  and. 
indeed,  received  some  little  assistance  from  it.  He 
was  interested  in  the  remarks  of  Mr.  Byard,  and 
had  himself  not  only  looked  into  the  question  of 
stills  as  produced  in  this  country,  but  had  given 
consideration  to  the  patent  specifications  of  the 
stills  produced  throughout  the  world,  and  he  could 
assure  them  that  chemical  engineers  had  yet  a  long 
way  to  go  before  they  attained  perfection  in  the 
matter  of  design.  It  had  been  said  that  there  was 
no  finality  to  thought  or  achievement,  and  he  was 
convinced  that  so  far  as  ammoniacal  liquor  stills 
and  their  design  was  concerned,  finality  had  by  no 
means  yet  been  reached. 

On  the  motion  of  the  Chairman,  a  vote  of  thanks 
to  Mr.  Parrish  was  carried  with  acclamation. 


TAR    DISTILLATION. 

By    W.    A.    WALMSLEY. 


Coal-gas  tar  is  a  highly  complex  mixture  of 
organic  compounds.  Its  specific  gravity  and 
composition  vary  according  to  (1)  the  method  of 
carbonisation  of  the  coal,  (2)  the  class  of  coal 
used,  and  (3)  the  temperature  of  carbonisation 
of  the  coal. 

Up  to  about  ten  years  ago  town's  gas  was  made 
almost  exclusively  in  horizontal  retorts  at  high 
temperature,  and  the  resulting  tar  was  thick  and 
heavy.  Horizontal-retort  tar  has  been  fairly 
thoroughly  investigated  by  a  number  of  workers, 
and  its  constituents  proved  to  be  of  an  aromatic 
character.  On  distillation,  it  yields  approxim- 
ately 60-70  per  cent,  of  pitch  of  good  merchant- 
able quality,  and  30-40  per  cent,  of  oils  contain- 
ing aromatic  hydrocarbons  of  the  benzene, 
naphthalene,  and  anthracene  series,  phenols  and 
phenol  homologues,  pyridines,  etc. 

With  the  introduction  of  the  vertical  retort, 
a  radical  change  occurred  in  the  tar.  The  specific 
gravity  was  lower,  and  the  tar  of  a  more  oily 
nature.  Glasgow  vertical  tar  yields  on  distilla- 
tion 40-44  per  cent,  of  pitch  and  56-60  per  cent, 
of  oils. 

Let  us  consider  for  a  moment  the  method  of 
formation  of  these  two  tars.  The  tar  vapours 
in  horizontal  retorts  have  to  pass  through  the 
hot  outer  crust  of  the  charge,  and  also  to  some 
extent  along  the  hot  walls  of  the  retort.  Break- 
down occurs,  and  the  resulting  tar  is  benzenoid 
in  character. 

In  vertical  retorts  the  earlier  portions  of  tar 
vapours  are  provided  with  a  cool  means  of  escape 
from  the  retort  through  zones  at  a  lower  tempera- 
ture than  that  at  which  they  are  formed.  It  is 
even  possible  that  they  have  some  solvent  action 
on  the  coal  in  these  lower  temperature  zones, 
and  pick  up,  in  passing,  some  of  the  primary 
constituents  of  the  coal  stuff  itself.  The  tar 
resulting  from  such  conditions  is  paraffinoid  in 
nature,  and  is  known  as  low-temperature  tar. 
The  later  portions  of  tar  vapours,  however,  are 
subjected  to  some  extent  to  the  conditions  that 
appertain  in  horizontal  retorts  and  give  benzenoid 
tar. 

Vertical-retort  tar  may  therefore  be  looked 
upon  as  a  mixture  of  high-  and  low-temperature 
tars.  No  thorough  investigation  has  been  made 
nl  vertical-retort  tar.  It  contains  less  benzol 
than  horizontal  tar.  practically  no  naphthalene, 
a  large  percentage  of  compounds  extractable  with 


caustic  soda,  containing  very  little  real  phenol. 
These  compounds  would  appear  to  approximate 
to  the  phenolic  substances  extractable  from  wood 
tar  creosote,  which  contains  guaiacol  and 
coerulignol. 

Some  recent  experiments  carried  out  by  us 
appear  to  indicate  the  presence  of  even  trihydric 
phenols  in  the  higher  boiling  portions.  They 
show  great  affinity  for  oxygen,  absorbing  it  very 
readily  in  the  same  way  as  pyrogallol. 

The  following  figures  serve  to  show  the  differ- 
ence in  distillation  range  between  the  tar  acids 
obtained  from  vertical  and  horizontal  retort  tars. 
The  whole  of  the  oils  up  to  pitch  were  extracted 
with  caustic  soda,  and  the  resulting  tar  acids 
dried  and  then  distilled. 

Horizontal-retort  tar. 

The  crude  dry  tar  acids  obtained  were  equivalent  to  9%  by 
weight  of  crude  tar,  and  had  the  following  distillation  range,  using 
a  Wurtz  flask  : — 
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Vrrtical-retort  tar. 

The  crude  dry  tar  acids  obtained  were  equivalent  to  13-2%  by 
weight  of  crude'tar,  and  had  the  following  distillation  range,  using 
a   Wurtz  flask  : — 
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45%    ., 

56%    ., 

63%    „ 

78%    „ 

B4%    ., 
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Distilled  above  260:  C.  ruby  red  in  colour.  Gave  highly  viscous 
fluid  when  ccoled. 

It  was  thought  by  us  that  tar  acids  obtained 
from  vertical-retort  tar  might  approximate  to 
some  considerable  extent  to  the  high  coefficient 
acids  obtainable  from  blast-furnace  creosote,  and 
the  comparison  between  the  distillation  ranges 
and  physical  properties  was  made,  with  the 
following  results:  — 
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Distillation  tests  of  tar  acids. 
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Blast-furnace  tar  acids. 
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Ill 


Tar  acids   previously  dehydrated  where  necessary. 
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-Vote— L  after  the  specific  gravity  indicates  that  the  fraction  gives  Licbcrmnnn  reaction  for  phenols. 
N  indicates  that  it  does  not. 


Fractional    Distillation    of    T,ir     Acids. 
Young's  Evaporator  Column.      Twelve  Section". 
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1.  Tar  Acids  from  Crude  Naphtha.  (Vert. -retort  Tar). 

2.  Tar  Acids  from  Middle  Oil.  (Vert.-retort  Tar). 

3.  Blast  Furnace  T..r  Acids. 

The  following,  taken  from  monthly  distillation 
and  yield  statements  from  two  separate  works, 
one  distilling  horizontal-retort  tar.  and  the  other 
distilling  vertical-retort  tar,  illustrates  the  differ- 
ence in  specific  gravity,  percentage  of  volatile 
products,  and  percentage  of  pitch  obtained, 
during  the  primary  or  crude  distillation  of  the 
tar. 


Vertical  tar. 
SpeciBc  gravity  1091. 


Ammonia  water 
Crude  naphtha 
Light  oil    . . 
Middle  oil.. 
Creosote    . . 
Pitch 


Sp.  gr. 

1-025 
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Horizontal  tar. 

Specific  gravity  1175. 

„  Yield.  Sp.  gr.  %  Yield. 

4-0  1003  3 

2-59  -925  1-34 

—  1-007  602 

30-91  1025  618 

2009  1045  16-32 

41-47  —  66-56 


Viscosity  (Redwood). 
Free  carbon 
Calorific  value 
Pitch  volatile  matter 
Fixed  carbon 
Free  carbon 
Ash 


Total       9906       Total       99-42 


Vertical  tar.     Horizontal   tar. 
345  sees,  at  IOO'F.610  secs.at  100  F. 
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It  is  only  proposed  here  to  give  a  brief  outline 
of  the  methods  adopted  in  tar  distilling,  and  to 
describe  in  more  detail  the  type  of  plant  adopted, 
and  its  layout  at  the  Provan  Works  of  the  Glasgow 
Corporation. 

Tar  distilling  may  be  roughly  divided  into  two 
parts: — (1)  The  primary  or  crude  distillation. 
and  (.2)  the  refining  operations.  The  crude  dis- 
tillation is  carried  out  in  closed  stills,  and  con- 
sists in  evaporating  from  the  tar  a  certain 
amount  of  its  volatile  matter,  condensing  this 
volatile  matter,  and  separating  it  into  fractions, 
leaving  behind  in  the  still  a  residue  of  pitch  of 
good  merchantable  quality.  The  number  of  frac- 
tions made  from  the  volatile  matter  varies,  but 
the  following  may  be  taken,  as  fairly  average 
practice :  — 

(1)  Crude  naphtha,  containing  benzene, 
toluene,    xylene,   carbolic   acid,  etc. 

(2)  Light  oil,  containing  mainly  carWic  and 
cresylic  acids  with  some  naphthas,  and  in  the 
case  of  horizontal  tars,  naphthalene. 

(3)  Carbolic  oil,  containing  tar  acids,  mainly 
cresols. 

(4)  Light  creosote    oil. 

(5)  Heavy  creosote  oil  or  anthracene  oil,  con- 
taining anthracene,   etc- 

REFINING   OPERATIONS. 

All  subsequent  operations  are  classed  under  this 
head. 

(1)  Carbolic  extraction.  Fractions  1,  2,  and 
3  are  washed  with  a  10  per  cent,  solution  of 
caustic  soda,  prepared  from  lime  and  sodium 
carbonate.  The  caustic  soda  removes  tar  acids 
as  their  sodium  salts.  Treatment  of  the  sodium 
salts  with  carbon  dioxide  liberates  the  tar  acids, 
and  regenerates  sodium  carbonate,  which  is  re- 
causticised  with  lime,  and  used  over  again.  The 
crude  tar  acids  are  purified  by  fractional  distilla- 
tion. 

(2)  Treatment  of  washed  oils.  The  washed 
oils  from  fractions  1  and  2  are  distilled.  The 
distillate  known  as  "  once-run  naphtha  "  passes 
to  the  benzol  refinery  for  further  treatment.  The 
residue,  along  with  fraction  3,  is  cooled  in  open 
pans  and  deposits  crystals  of  crude  naphthalene. 
The  clear  oil  is  drained  from  the  naphthalene 
(which  in  our  own  case  is  sold  as  such),  and  goes 
along  with  fractions  5  and  6  to  creosote  storage. 

(3)  Treatment  of  "  once-run  naphtha."  The 
"  once-run  naphtha  "  is  first  washed  (in  mechan- 
ical agitators)  with  a  25  per  cent,  solution  of 
sulphuric  acid,  and  allowed  to  settle.  The  mixture 
separates  into  two  layers;  the  lower  layer  con- 
taining pyridine  bases,  as  their  sulphates  is  run 
off.  The  pyridine  is  recovered  by  treatment  with 
ammonia  with  formation  of  ammonium  sulphate 
and  liberation  of  the  pyridine.  The  pyridine- 
free  naphthas  are  then  washed  as  follows,  allowed 
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to  settle,  and  the  lower  layer  run  off  in  each 
case:— (1)  With  about  5  per  cent.  R.O.V.  168° 
Tw.  to  remove  thiophen,  etc.,  (2)  with  water 
(without  agitation);  with  water  (with  agitation), 
to  remove  as  much  acid  as  possible.  (3)  With 
caustic  soda  or  sodium  carbonate  to  neutralise 
any  acid  remaining.  (4)  With  water  to  remove 
any  excess  caustic  soda.  The  washed  naphthas 
are  then  subjected  to  fractional  distillation  by 
means  of  steam  in  stills  with  efficient  fraction- 
ating columns,  and  analysers,  to  separate  benzene, 
toluene,    xylene,   etc. 

y,  tc. — The  above  only  involves  the  treatment 
of  tar  as  carried  out  in  plant  already  erected 
or  in  course  of  erection  at  the  works. 

In  Glasgow,  the  Corporation  have  four  Chem- 
ical Works  for  the  treatment  of  tar  and  ammonia. 
Three  of  these  were  taken  over  from  private  con- 


It  is  obviously  more  economical  in  regard  to 
manufacturing  costs,  and  also  in  regard  to 
capital  outlay,  to  have  one  really  good  refining 
plant,  than  to  put  down  four.  Another  most  im- 
portant point  is  that  there  is  only  one  staff  of 
chemists  looking  after  refining  operations,  and  it 
is,  therefore,  easier  to  turn  out  a  standard 
product. 

The  importance  of  layout  in  the  efficient  running 
of  works  is  too  well  known  to  need  emphasis  here. 

Railway  sidings.  Starting  at  the  North,  the 
first,  or  main,  line  skirts  the  works  on  North, 
East,  and  South,  and  the  first  line  from  it  is  a 
switch  line  for  the  loading  of  all  oils  leaving  the 
works  by  rail. 

The  next  line  branches  off  on  the  East,  divides 
and  turns  West  on  line  passing  in  front  of  the 
boiler  house  and  sulphate  of  ammonia  plant,  and 
the  other  in  front  of  the  tar  stills.     These  finally 


CLA5COW       CORPORATION 

CHEMICAL       WORKS      DEPARTMENT 

LAYOUT      OF      PROVAN     CHEMICAL     WORKS 


PRAWlNOrw    S04. 


Layout  of  Works. 
Block  Plan  of  Provan  Works. 


tractors  two  years  ago.  It  was  necessary  to  lay 
down  some  working  scheme,  and  the  author  decided 
to  continue  crude  distillation  of  the  tar  at  three 
of  the  works,  and  concentrate  on  one,  viz.,  Provan, 
for  all  refining  purposes. 


join  together  and  turn  North  to  meet  the  main 
line  at  a  point  further  West  not  shown  on  the 
plan. 

Between  these   lines  and   the  main   road   is   the 
siding   with    blank    end    for    the   causticising   and 
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carbolic  plant,  etc.  On  the  South,  the  pitch  beds 
are  enclosed  on  three  sides  by  railway  lines,  which 
also  serve  for  the  loading  of  road  tars  in  railway 
tank  wagons.  A  further  line  to  the  S.  and  E. 
with  blank  end,  serves  for  the  loading  of  tar 
sent  out  in  barrels.  All  oils  sent  out  by  road  are 
loaded  at  a  raised  bank  alongside  and  parallel  with 
the  main   road. 

Flow  sheet  of  materials  through  works.  The  tal- 
is distilled  in  the  stilU,  A.  Tho  distillates  are 
collected  in  the  receivers.  B.  The  pitch  passes  to 
the  pitch  coolers,  and  thence  to  the  pitch  bay.  C. 
The  oils  from  B  for  carbolic  extraction  pass  to 
washers,  D,  the  remainder  to  oil  storage.  E.  From 
1).  washed  crude  naphtha  and  light  oils  run  to 
receivers,  F.,  and  pass  from  there  through 
naphtha  stripping  plant,  G.  The  distillates  from 
G — "  once-run     naphtha  " — run     to    receivers,     H. 


at  the  other.      This   applies  also   to  the  layout  of 
the  sulphate  of  ammonia  plant. 

Fig.  l!  illustrates  the  type  of  still  in  operation 
at  three  of  our  works. 

(a)  Tar  still,  which  is  simply  an  egg-ended 
boiler  lift,  dia.,  17ft.  Gin.  on  the  straight,  and 
23ft.    6in.    overall. 

(b)  Gusset  stay  brackets — 6  in  number— riveted 
to  still.  These  support  the  still  by  resting  on  the 
brickwork    setting. 

(c)  4in.    charging  main. 

(d)  Deadweight    safety  valve. 

(e)  Dip  cock. 
(i)     Manhole    (in     this  connexion, 


type   is  the    internal 
steam   boilers). 

(g)     Vapour  outlet. 


the     correct 
type    used     on  inudholes  of 


Fig.  2. 


residue  to  receivers,  I,  and  thence  to  naphthalene 
cooling  pans,  M. 

Once-run  naphtha  from  H  is  pumped  to 
washers,  J,  and  thence  into  benzol  refining  stills, 
K.  The  distillates  pass  to  receivers,  L,  and  re- 
sidue to  naphthalene  pans,  M.  From  D  washed 
carbolic  oil  runs  to  receivers,  F,,  and  from  these 
passes  to   M. 

Crude  carl>olic  and  cresylic  acids  from  the  car- 
bonators  run  to  receivers,  F3,  and  pass  from 
there  to  carbolic  stills,  N.  The  distillates  from  N 
go  to  receivers,  I,,,  the  residue  to  carbolic  pitch 
bed  O.  Finally  all  products  from  I,,  L,  and  M 
are  pumped  to  oil  storage,  E,  from  which  all 
classes  of  oil  are  loaded  for  road  or  rail.  E  com- 
prises  all  oil   storage  tanks   between  P  and  Q. 

On  the  refining  side,  the  object  has  been  to 
get  a  straight  flow  line  through  the  works,  with 
finished  products  at  one  end,  and  waste  materials 


(h)  Pitch  run-off  pipe  with  steam-jacketed 
gland  cock. 

(j)     Steam  connexion  for  steam   distillation. 

(k)    Condenser  tank  and  coil. 

(.l)     Steel   box. 

im)    Dividing  box  for  separating  fractions. 

The  method  of  setting  is  easily  followed  from 
the  drawing.  It  will  be  noticed  that  the  pitch 
outlet  pipe  is  protected  from  the  heat  by  the  fire 
brickwork,  X,  and  the  arched  passage,  0. 

All  crude  tar  contains  a  certain  percentage 
of  entangled  ammonia  water.  The  removal  of 
this  ammonia  water,  which  comes  over  along  with 
'In-  crude  naphtha  fraction,  is  the  most  trouble- 
some part  of  the  distillation.  The  still  must  he 
fired  very  cautiously,  until  all  ammonia  water  has 
been  driven  oil',  otherwise  frothing  takes  place, 
and  a  considerable  quantity  of  tar  passes  over 
to  the  condensers  and  receivers. 
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The  following  figures  are  taken   from  a   distillation  carried  out  on  one  of  these  stills  at  Tro van : 


Charge  : — 32  tons  of  horizontal  tar. 

Crude  naphtha  and  water  (3%),  22  hours. 


Time 

Temp. at  swan  neck 
Sp.  gr.  at  60°  F. 
Wurtz  test. 

120°  C 

130°  C 

140°  C 

150°  C 

160°  C 

170°  C 

180°  C 

190°  C 

200°  C 

210   C 

220°  C 

230°  C 

240°  C 

250°  C 

260    C 

270°  C 

280°  C 

290°  C 

300°  C 

310°  C 

320°  C 

330°  C 

340°  C 

Tar  acids 


12  c 

191° 

959 

% 

8 

10 

13 

20 

28 

36 

45 

60 

75 

86 

91 


1-0 
222° 
992 

o 

/O 


10 
17 
35 
58 
74 
83 
90 


33 


1-30 
230° 
1,006 


3 
13 

20 
45 
60 
76 
84 


salts 
showing. 

32 


Crude  Tar  Distillation. 


20 
240° 
1,013 


31 
54 
70 
79 
84 


30 


2-30 
262° 
1,021 


12 
35 
56 
66 
75 
si  I 
84 
87 
90 


very- 
salty. 


29 


30 
273° 

1,028 


45 
60 
70 
77 
82 
86 
90 


very- 
salty. 


3-30 

286° 

1  ,i>:::, 
/o 


17 
31 

49 
58 
68 
74 

78 
81 


trace 
salts. 


23 


40 
300° 
1,040 
/o 


21 
38 
50 
59 

65 
70 

76 
82 


free. 
21 


4-30 

:;m; 
1  .ill-. 


2 
6 
13 
23 
34 
43 
53 
59 
64 
70 
76 
80 
83 
87 

free. 
15 


50 
306° 
1,060 
% 


3 

11 
20 
28 
40 
46 
55 
60 
67 
76 
81 
85 

anthr. 
15 


60 
325° 

1,084 


9 
14 
20 
28 
37 
45 
56 
68 
75 
85 
salts. 

13 


*  Steam  introduced  at  this  point. 

( Light  oil )  (....  Carbolic  oil )  ( Hy.  creos ) 

y'oU. — On  the  Wurtz  test,  approximately  85%  distils  over  at  the  temperature  shown  on  the  swan  neck  at  the  time  the  sample  was  drawn. 


Experimental  tar  distillation. 
Egg-ended  still.     Charge   32  tons  of  vertical   tar. 


Time     . .         . .         . .         . .  5  p.m. 


Temp,  at  swan  neck  (°  C.)     . . 
Sp.  gr.  of  oils  collected  at  coil 
end 


Wurtz  flask  distillation  test. 

120 
130 
140 

150  3 

160  7 

170 

180  20 
190  39 
2110  60 
210  76 

220         88 
230         92 
240         96 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
83%  of  oil  collected  below  °  C.  216 
Tar  acids  per  cent,  (vol.)     . .     30 
No  deposit  of 


12  m.n.  •!  a.m.    1.30 


220 
•958 


14 

28 
49 
68 
79 
87 
91 
93 


232 
•968 


243 

•978 


(last 
runnings  | 

317    310 


253    270    290    302    310    315    320    320 
•985    -991   1001   1008   1016   1011   1017   1025   1025    104 


225 
~28 
'  salts.' 


19 
43 

62 
78 
85 
90 
93 
95 


229 
31 


27 
51 
66 

75 


91 
93 
94 


244 
38 


at  15-5°  C. 

0/      o/ 
/O        .0 


19 
46 
62 
73 
82 
87 
90 
93 
94 
95 


245 
37 


2 
5 

46 
61 
70 
77 
81 
85 
88 
90 
92 
93 


265 
38 


3 
13 
30 

48 
61 
70 
75 
80 
85 
88 
91 
93 
95 
97 


19 
36 
47 
57 
65 
72 


87 
90 
93 
96 


290 
30 


3 

8 
19 
31 
43 
52 
61 
68 
77 
80 


91 
93 


310 
26 


20 
30 
41 
50 
59 
65 
73 
79 


317 
20 


12 
24 
31 
44 
54 
61 
70 
80 
83 
88 
91 
94 
97 
320 
19 


at  30°  C. 

o/ 

■I 


15 
24 
31 
40 
49 
58 
66 
75 
80 
85 
88 
91 
337    342 


4 
6 
10 
15 
24 
31 
38 
50 
60 
68 
76 
82 
87 
89 


1 

3 

6 

12 

21 

27 

37 

47 

57 

66 

73 

81 

86 

355 


Oils  deposit  salts  on  cooling. 


Tar  distilled.  32  tons.    Vertical  retort  tar 

From  fire  lighted  to  first  running    . . 

From  first  running  to  finish  of  naphtha  and  water 

From  finish  of  naphtha  and  water  to  end  of  distillation 


Time  summary. 
Sp.  gr.  1-09  at  15-5°  C. 


May,  1922. 
•  Steam  applied. 


The  specific  gravity  and  distillation  ranges 
given,  apply  to  the  distillates  leaving  the  con- 
denser coil  at  the  time  and  temperature  stated. 

It  will  be  noted  that  the  total  time  of  distil- 
lation is  28  hours,  and  the  total  distillate  is 
approximately  36-40  per  cent.  The  distillation 
of  the  crude  naphtha  and  water,  amounting  to 
only  3   per  cent.,    took    22    hours,   the  remaining 


3    hrs. 
194  hrs. 


/28ihrs:   }  301  hrs. 


33-37  per  cent,  coming  over  in  6  hours.  This  is 
a  fair  average  of  the  time  taken  for  a  distillation 
with  this  type  of  still. 

It  will  be  noticed  that  even  at  300°  C.  the  dis- 
tillate still  contains  9  per  cent,  of  oils  boiling  at 
210°  C. — probably  the  result  of  breakdown  of 
more  complex  organic  compounds,  which  occurs 
in  all   distillations. 
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Fuel  used  per  ton  of  tar  distilled  a 
works,  using  this  type  of  still. 


t  two  oi  our 


Works  1. 


Fuel  used 
Works  \1. 
Fuel  used 


For  distillation      For  steam   throughout 
only.  works  ami  in  steaming 

Of  tar  stills. 
1-7.'.  I'wt.  1*18  cwt. 

Dross  and  coke  breeze.         Coke  breeze. 
1-625  iwt.  0-57  cwt. 

Coke.  Coke  breeze. 


TYPE  2. 

Various  types  of  tar  stills,  with  additional 
accessories  for  speeding  up  the  rate  of  distilla- 
tion, are  in  operation.  All  of  these  have,  for  their 
object  the  preliminary  dehydration  of  the  tar  by 
the  utilisation  of  the  vapours  issuing  from  the 
tar  stills  in  a  heat  interchange  system,  with  con- 
sequent saving  of  fuel. 

Fig.  3  illustrates  such  a  system,  which  is  in 
operation  at  our  Provan  Works.  It  comprises 
four  stills,  four  preheaters — or  heat  exchangers — 
and  six  condensers.  Each  still  has  its  separate 
preheater  and  condenser.  The  distillates  from 
each  pair  of  preheaters  (crude  naphtha  and  am- 
monia water)  are  condensed  in  one  condenser,  and 
all  distillate  receiving  boxes  are  on  one  common 
platform. 

The  preheater  and  tar  still  are  charged  with 
tar  and   the  fire  lit  under   the   still.     The  issuing 


vapours  from  the  still  pass  through  two  D-shaped 
coils  in  the  preheater,  imparting  some  of  their 
heat  to  the  surrounding  tar,  and  are  finally 
condensed  by  passage  through  l)-shaped  coils  in 
the  water  condenser.  At  the  finish  of  the  distil- 
lation the  tar  in  the  preheater  is  practically  free 
from  water,  and  it  may  be  run  down  into  the 
tar  still  as  soon  as  the  pitch  has  been  run  off. 
The  preheater  is  again  charged  with  crude  tar. 
The  dehydrated  tar  in  the  still  can  be  fired  hard 
without  fear  of  frothing.  We  have  been  able  to 
complete  the  distillation  from  firing  up  to  finishing 
in  6  hours'  time. 


Summary  of  observations  made  during 

nine  consecutive 

distillations    using   still    with    separate   preheater. 

Averages  : — 

F'rom  charging  to  charging 

7  hrs.  16  mins. 

Max 

8  hrs.  42  ruins. 

Min 

6  hrs. 

Charging  still,  2j  mins. 

Max. 

31 

Min 

11 

Dehydrator,  43  mius. 

Max 

80  (larger  charge). 

Min 

26 

From  "  Fire  on  "  to  "  still  running  " 

40  mins. 

Pitch  running,  off 

19  mins. 

Coke  used  per  charge,  10-3  cwt.      Max. 

15 

Min. 

8-5 

Equivalent  to  0-6  cwt.  per  ton  of  tar  distilled. 

Highest  temperature  on  still 

330°  C. 

On  dehydrator 

103"  C. 

CO     tr£\»T-0>, 

Fig.  3. 
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The  .still  is  Lift.  Oin.  diameter  with  concave 
bottom,  having  a  8ft.  Oin.  dishing.  This  bottom 
plate,  which  is  in  one  piece — so  that  it  can  be 
thoroughly  cleaned  is  made  of  |in.  mild  steel 
plate.  The  shell  is  made  in  two  halves  riveted, 
and  tin'  dome  in  two  halves  welded.  It  will 
be    noticed     that     all     pipes    connected    with    the 


above  the  pitch  outlet  pipe,  and  for  a  distance 
of  9in.  on  each  side  of  the  centre  line,  the  space 
is  filled  in  with  a  1  i i 1 1 .  brick  wall.  By  removing 
this,  the  still  can  be  lifted  bodily  from  its  setting, 
and  a  new  still  dropped  into  position,  thus  obviat- 
ing the  taking  down  of  the  setting  to  replace 
stills. 


Fig.  4. 


dome  project  through  inside  the  still.  This  is  to 
ensure  that  in  case  any  condensation  takes  place 
on  these  pipes,  it  should  drop  clear  into  the  tar 
below.  If  this  is  not  done,  serious  corrosion  in 
the  dome  and  sides  of  the  still  may  take  place 
through  condensation  of  dissociated  ammonia 
compounds. 

The  swan  neck  or  still  head  is  of  special  type, 
with  a  circular  upstand  to  prevent  any  condensa- 
tion at  this  point  running  back  to  the  still.  Fig. 
3  shows  plainly  the  preheater  and  condenser  coils 
with  breeches  pipes  connecting  same  with  other 
portions  of  the  vapour  oil  pipe-line.  Each  D-shape 
coil  is  in  one  piece  lapwelded.  The  D-shaped 
coils  for  the  preheaters  are  3in.  diameter,  giving 
a  total  heating  surface  per  coil  of  237  sq.  ft.  The 
condenser  coils  are  2in.  diameter,  giving  a  total 
cooling  surface   of  200  sq.    ft. 

The  tar  still  setting  has  several  points  worthy 
of  mention,  and  is  shown  in   Fig.   4. 

The  seating  consists  of  9in.  circular  brick  wall 
with  pigeon  holes,  on  the  top  of  which  are  laid 
fire  tiles,  18in.  square  x  3in.  deep,  to  protect  the 
still  bottom  where  the  hot  gases  pass  through  the 
pigeon  holes  to  the  outer  flue.  This  outer  flue 
extends  practically  to  the  top  of  the  straight 
portion  of  the  still,  and  is  divided  by  mid-i'eather 
walls,  built  between  the  pigeon  holes,  and  running 
to  about  two-thirds  the  height  of  the  flue.  This 
ensxires  that  the  gases  passing  through  the  pigeon 
holes  pass  straight  up  the  side  of  the  still  before 
gathering  together  at  the  top  and  cutting  round 
to  the  outlet  connected  to  the  chimney  stack, 
thereby  ensuring  even  wear  of  the  sides  of  the 
still.      From    the    top  of  the  still  setting    to    just 


TYPE  3. 

The    WUton    tar   dehydration   coil,    in  conjunction 

with  put  stills. 

This  type  is  in  operation  at  the  Corporation's 
Dalmarnock  Works.  The  first  unit,  consisting 
of  one  dehydration  coil,  and  two  pot  stills,  has 
recently   been   duplicated. 

Fig.  5  shows,  in  plan  and  section,  the  naphtha 
stripping  plant  at  Provan,  and  as  both  plants  are 
practically  the  same,  one  description  will  serve 
for  both. 

(a)  "  Wilton  "   furnace   for  coke  breeze. 

(b)  Centre  gas  flue. 

(c)  3in.    cast   iron  coil  surrounding    B. 

(d)  Flue  gases  to  chimney. 

(o)  Vapour  chamber  in  sections,  with  bubbling 
trays  and  inlet  for  steam,  having  vapour  outlet, 
H,  and  residual  oil  outlet,  J. 

(k)     Condenser. 

Heat  exchangers. 
Oil   pump. 

Inlet  pipe  to  coil  through  heat  exchangers. 
Outlet    pipe   from  coil  to   vapour   chamber, 
G,   with    pressure   gauge,    thermometer,   and    cock 
to  regulate  pressure. 

The  furnace  gases  from  A  pass  up  B,  and  down 
over  coil,  C,  to  chimney,  by  route  D.  The  oil 
is  pumped  by  N  through  the  heat  exchangers  and 
through  the  coil,  leaving  at  temperature  of  about 
160°  C.,  under  a  pressure  of  30  to  401b.  per  sq.  in. 
It  is  then  released  to  atmospheric  pressure  in 
vapour  chamber,  G.,  naphtha  vapour  passing  over 
by  H  to  condenser,  K.  The  residual  oil  passes 
from  tray  to  tray  in  G,  meeting  an  upward  cur- 
rent  of   steam    if   this    is    necessary   to   eliminate 


(m) 
(n) 
(o) 

(p) 
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more  naphthas,  and  finally  emerging  by  pipe, 
J,  to  pass  through  heat  exchangers,  M,  where  it 
heats  tlu'  ingoing  oil  and  is  itself  cooled. 

In  the  oas.'  of  tar  dehydration,  the  only  differ- 
ence is  that  there  are  no  heat  exchangers — the 
vapour  chamber,  G,  is  ju^t  an  open  box  with 
Do   trays   and   the   residual   dehydrated   tar   passes 


filiation  plant,    to    produce  pitch  of  merchantable 
quality. 

The  ciude  tar  was  dehydrated  in  the  usual  way 
in  the  first  coil.  It  was  then  pumped  through 
the  second  coil  (which  was  maintained  at  con- 
siderably higher  temperature,  but  at  a  slightly 
lower   pressure  than   No.    1)   and   released  into  the 


Fig.  5. 


from  J  into  the  tar  still.  Each  dehydration  coil 
is  capable  of  dehydrating  10,000  gallons  of  crude 
tar  per  day,  or  of  stripping  the  naphthas  from 
10,000  gallons  of  oil   per   day. 


CONTINUOUS   TAB   DISTILLATION 
EXPERIMENT  AT  VALMABNOGK  WOBKS. 

Tar  distilled — all  vertical  r<  tort  tar. 

The  object  of  the  experiment  was  to  see  if  it 
were  possible  to  run  two  "  Wilton  "  dehydration 
coils  with  a  small  final  steaming  still  of  about 
500    gallons    capacity,    as    a    continuous    tar    dis- 


second  vapour  chamber.  The  residual  tar  then  ran 
by  gravity  into  the  final  steaming  still  (which  was 
kept  hot  by  waste  furnace  gases  from  coil  No.  1) 
where  it  was  subjected  to  steam  distillation  with 
superheated  steam.  The  outlet  from  the  steaming 
still  could  be  raised  or  lowered  to  give  longer 
or  shorter  time  for  steam  distillation  as  might 
be  required,  whilst  the  thick  tar  was  passing 
through  continuously  to  the  pitch  coolers. 

In  the  first  experiment  the  temperature  of  the 
tar  leaving  the  second  coil  was  maintained  at 
2S0°  C.  at  a  pressure  of  25  to  301b.  per  square 
inch,  and  a  very  soft  pitch  was  obtained.  The 
temperature  was  then  raised  to  300°  C.  and  then 
to   320°  C.    at   the   same  pressure;    the    resulting 


CONTINUOUS  DISTILLATION  EXPEBIMENT. 


Date. 


April  3rd,  1922 
April  4th,  1922 


April  5th,  1922 


April  6th,  1922 


April  7th,  1922 


Time. 

3.15 

p.m. 

6.25 

p.m. 

8.0 

a.m. 

12.:)(, 

p.m. 

3.45 

p.m. 

6.0 

p.m. 

12.0 

night 

4.0 

a.m. 

8.0 

a.m. 

11.05 

a.m. 

12.0 

noon 

5.30 

p.m. 

8.25 

p.m. 

12.0 

night 

3.30 

a.m. 

8.0 

a.m. 

12.0 

noon 

6.50 

p.m. 

8.45 

p.m. 

12.0 

night 

5.15  a.m. 

8.0 

a.m. 

Crude  Naphtha 

Tar  distilled. 

and  water. 

Middle  oil. 

Zero. 

Zero. 

Zero. 

Galls. 

Galls. 

Galls. 

1,160 

63 

629-5 

4,827 

582 

2.994 

6,274 

750 

3,789-5 

7,184 

870 

4,454 

8,809 

931 

5,025 

10,801 

1,005-6 

7,407 

12,226 

1,197 

8,361 

13,762 

1,437 

9,069 

14,897 

— 

9,742-3 

15,289 

1,595 

9,943-5 

17,199 

2,135-7 

11,278-5 

18,159 

2,7251 

11,860 

1 '.I.W.I 

3,330 

12,556-8 

20,757 

3,706-3 

13,250-5 

22.743 

4,041-9 

14,277-4 

23,976 

4,541-3 

15,038-2 

26,992 

5,679-3 

16,338 

27,904 

6,064 

16,871 

28.954 

6,6222 

17,617-9 

30,404 

7,181-9 

18,796-5 

31,892 

7,3300 

19,423 

Heavy  oil. 

Zero. 
Galls. 
10 
235 
252 
332 
332 


525 
525 
585 

722 

822-3 

830 

834-3 

871 

871 

902-7 
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I'KOCEEIHN'US    OF    THE    CHEMK    \1.     EX<  ;[XEERIX(  i     CROUP. 


Date. 


April   3rd,    1922 


April  4th,  1922 


April  5th,  1922 


April  6th,  1922 


No 

.  1  CoU. 

No. 

2  Coil. 

Temp,  of  Finishing 

Pressure, 

lb.  per  sci.  in. 

Pressun'. 

Hi.  pi-r  ft 

,.  in. 

tar  leaving 

still 

Twist  point 

Time. 

Temp,    F 

Intr&nce, 

Exit, 

Temp.    Entrance 

Exit, 

2nd  vapoui 

exit 

of  pitch. 

lb. 

lb. 

lb. 

lb. 

rli:unli'T. 

temp. 

3.30  p.m. 

150°  C. 

32 

38 

350°  C. 

27 

22 

250°  C. 

210    ( 

— 

4.d    p.m. 

182°  C. 

32 

37 

347°  C. 

24 

20 

254°  C. 

220°  C. 

■ — 

4.:iu  p.m. 

180°  C. 

29 

29 

358°  C. 

24 

20 

245°  C. 

230°  ('. 

— 

5.0    p.m. 

!  17    ('. 

30 

32 

320°  U. 

26 

26 

282°  C. 

21s    ('. 

— 

5.30  p.m. 

215°  C. 

40 

40 

320°  C. 

30 

26 

260     ('. 

233°C. 

— 

6.0    p.m. 

185°  C. 

38 

38 

342°  C. 

30 

18 

2*15°  C. 

225°  C. 

— 

6.30  p.m. 

190    ('. 

44 

41 

375°  C. 

26 

23 

233°  C. 

221     C. 

119°  F. 

7.0    p.m. 

1711    C. 

26 

25 

350°  C. 

24 

21 

269°  C. 

234°  C. 

120    1  . 

11.20  p.m. 

160°  C. 

20 

18 

345°  C. 

21 

18 

— 

— - 

104°  F. 

4.45  a.m. 

165°  C. 

30 

27 

340°  C. 

28 

24 

— 

— 

115°  F.  (2  a.m.  108) 

8.0    a.m. 

145°  C. 

35 

30 

360°  C. 

24 

22 

— 

— 

110'-  F. 

9.30  a.m. 

177°  C. 

33 

35 

348°  C. 

24 

25 

234°  C. 

195    C 

— 

10.30  a.m. 

180°  C. 

33 

30 

354°  C. 

26 

22 

265°  C. 

225°  C. 

125°  F. 

11.30  a.m. 

175°  C. 

30 

30 

345°  C. 

30 

26 

252°  C. 

230°  C. 

112°  F.  (1.30  p.m.  114) 

2.30  p.m. 

200    c. 

27 

28 

355°  C. 

32 

29 

270°  C. 

233°  C. 

126°  F. 

3.0    p.m. 

198°  C. 

24 

24 

342°  C. 

26 

24 

22.'.-  0. 

205°  C. 

— 

4.30  p.m. 

145°  C. 

29 

32 

350°  C. 

24 

20 

258°  C. 

231°  C. 

— 

5.0    p.m. 

160°  C. 

29 

28 

350°  C. 

24 

20 

234°  C. 

225°  C. 

— 

6.0    p.m. 

195°  C. 

30 

28 

350°  C. 

24 

21 

227°  C. 

211    C. 

126°  F. 

8.0    p.m. 

195°  C. 

30 

29 

347    ('. 

24 

19 

200    ('. 

220    r 

— 

10.0    p.m. 

205°  C. 

30 

30 

342°  C. 

25 

22 

271°  C. 

242    C. 

128°  F. 

12.0    night 

195°  C. 

32 

33 

360°  C. 

24 

22 

297°  C. 

235°  C. 

130°  F. 

2.0    a.m. 

l.-n    ('. 

30 

31 

350°  C. 

25 

21 

292°  C. 

278°  C. 

140°  F. 

4.0    a.m. 

175°  C. 

25 

27 

349°  C. 

22 

18 

295°  C. 

245°  C. 

135°  F. 

6.0    a.m. 

170°  C. 

27 

26 

352°  C. 

23 

20 

266°  C. 

250°  C. 

125°  F. 

8.0    a.m. 

175°  C. 

28 

26 

350°  C. 

24 

19 

262°  C. 

226°  C. 

131°  F. 

10.0    a.m. 

192°  C. 

24 

24 

360°  0. 

23 

18 

247°  C. 

— ■ 

— 

11.0    a.m. 

170    ('. 

34 

35 

356    c 

20 

20 

237°  C. 

— 

132°  F.  (1.45  p.m.  131) 

2.30  p.m. 

ISO    ('. 

32 

37 

350°  C. 

24 

24 

200    (.'. 

245°  C. 

142°  F. 

4.30  p.m. 

180°  C. 

38 

38 

358°  C. 

23 

20 

260°  C. 

240°  C. 

145°  F. 

7.30  p.m. 

177.   c. 

40 

38 

349°  C. 

24 

20 

285°  C. 

27o    (_:. 

145°  F. 

8.0    p. in. 

175°  C. 

42 

40 

350°  C. 

23 

19 

— 

— 

— 

10.0    p.m. 

190°  C. 

34 

36 

360°  C. 

22 

18 

255°  C. 

239°  C. 

125°  F. 

12.0    night 

170°  C. 

36 

36 

340°  C. 

24 

18 

270°  C. 

263°  C. 

124°  F. 

2.0    a.m. 

175°  C. 

33 

30 

345°  C. 

22 

18 

272°  C. 

238°  C. 

127°  F. 

4.0    a.m. 

140°  C. 

32 

30 

340°  C. 

24 

20 

262    C. 

250°  C. 

127°  F. 

6.0    a.m. 

160°  C. 

34 

34 

340    ('. 

23 

18 

:>7    I'. 

236°  C. 

125°  F. 

8.0    a.m. 

170°  C. 

38 

39 

340°  C. 

23 

18 

230°  C. 

212°  C. 

126°  F. 

10.0    a.m. 

160°  C. 

40 

40 

351°  C. 

23 

18 

290°  C. 

220°  C. 

— 

10.25  a.m. 

360°  C. 

131°  F.  Superheater  =  410°  F. 

Boiler     Press     95     lbs. 

(Steam  shut  off  finishing 

still.) 

2.0    p.m. 

170°  C. 

38 

38 

330°  C. 

20 

12 

244°  C. 

215°  C. 

126°  F. 

3.0    p.m. 

165°  C. 

29 

25 

338°  C. 

20 

16 

270°  C. 

263°  C. 

130°  F. 

5.0    p.m. 

170°  C. 

36 

33 

340°  C. 

24 

19 

258°  C. 

253°  C. 

130°  F. 

8.0    p.m. 

180°  C. 

35 

35 

350°  C. 

28 

23 

— 

265°  C. 

114°  F. 

10.0    p.m. 

185°  C. 

36 

35 

355°  C. 

28 

23 

— 

— 

120°  F. 

12.0    night 

170°  C. 

45 

45 

345°  C. 

27 

21 

— - 

250°  C. 

127°  F. 

2.0    a.m. 

175°  C. 

39 

38 

348°  C. 

25 

18 

— 

265°  C. 

134°  F. 

4.0    a.m. 

124°  C. 

36 

32 

327°  C. 

22 

16 

— 

262°  C. 

123°  F. 

6.0    a.m. 

155°  C. 

29 

26 

335°  C. 

21 

15 

— - 

264°  C. 

122°  F. 

8.0    a.m. 

165°  C. 

39 

36 

342°  C. 

25 

20 

— 

237°  C. 

123°  F. 

April  7th,  1922 


•  Wood's  Alloy  M.P.  73°  C.  was  used  in  the  thermometer  cups.     Mercury  was  found  unsuitable  for  the  higher  temperatures. 


Total  tar  distilled        32,660  galls.  =  158  tons 

Duration  of  test         88}  hours 

Fuel  used  at  No.  1  coil         ......  9  tons 

„          „     No.  2   „            10  tons  12  cwt.  2  qrs. 

Total  fuel  used  19  tons  12  cwt.  2  qrs. 

Fual  used  per  ton  of  tar  distilled     . .  . .  . .  2-48  cwt. 

„  „     1,000  galls,  on  No.  1  coil      . .         . .  617  lbs. 

„  No.  2 730  „ 

Kate  of  working  : — 

1st      24  hours  ..   330  galls,  per  hour  (10,000  galls,  per  24  hours). 

2nd     24     „       ..  380       „  „      (  =  416  galls,  per  hour). 

3rd      24     „       ..   370       „ 

Last    12     „       ..   245      „  „ 

pitch  twisted  at  80—90°  F.  The  temperature 
was  finally  raised  from  350°  to  360°  C  and  a 
good  medium  soft  pitch  twisting  at  124°  F.  was 
obtained. 

No  difficulty  whatever  was  experienced,  and 
the  object  of  the  experiment  having  been  accom- 
plished, interest  shifted  to  the  possibilities  of 
cracking,  as  larger  volumes  of  oil  than  usual  had 
been  obtained  along  with  a  reduced  quantity  of 
pitch. 

It  has  been  pointed  out  in  the  introduction  to 
the  paper  that  vertical-retort  tar  is  really  a  mix- 
ture of  high-  and  low-temperature  tars,  the  low- 
temperature  portion  being  essentially  paraffinoid 
in  nature,  the  phenolic  compounds  of  complex 
composition  containing  polyhydric  phenols  with 
possibly   paraffinoid   side  chain  linkings. 

Under  the  conditions  of  the  experiment,  the 
breakdown  of   these  complex    phenolic  compounds 


was  thought  to  be  highly  probable,  and  gave  rise 
to  interesting  speculations  as  to  whether  break- 
down to  simpler  phenols  and  paraffins  would  take 
place,  or  possibly  polymerisation  with  formation 
of  resinous  substances. 

A  second  experiment,  over  a  longer  period,  was 
undertaken  in  order  to  confirm  the  results  obtained 
in  the  first  experiment.  Full  details  of  the  second 
running  are  appended.  Unfortunately,  owing  to 
shortage  of  tar,  the  experiment  had  to  be  stopped 
at  the  end  of  the  fourth  day. 

Some  time  during  the  night  on  April  6th,  we 
came  on  to  very  watery  tar,  containing  up  to 
about  30  per  cent,  of  water.  The  results  have 
therefore  been  summarised  up  to  6.50  p.m.  on  the 
6th,  up  to  which  time  tar  containing  a  normal 
percentage  of  water  had   been  used :  — 


Tar  distilled  up  to  6.50  p.m.  6/4/22— 
22,664  gallons  dry  tar. 


Oils  made  : — 

Crude  naphtha 
Middle  oil  . . 
Heavy  oil     . . 


Galls. 

1,351  at  50°  C. 

16,338  at  60°  C. 

830  at  20°  C. 


Sp.  gr. 

0-905=   5-46  tons 
0-970  =  70-7     „ 
1-043=   3-88    „ 


80-04 
Pitch  and  loss  by  difference =27%  of  tar  distilled. 
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In  the  normal  course  of  working,  the  yields  of 
oil  and  |>itrh  arc  respectively  06-0S  per  cent,  of 
oils,   and   41-43  per  cent,  of  pitch. 

It  will  be  noticed  that  very  little  work  was 
done  in  the  final  steaming  still.  It  was  observed, 
however,  that  when  the  temperature  of  the  tar 
leaving  the  second  coil  fell,  more  work  was  done 
by  this  final  steaming  still. 

It  will  be  scon  from  the  result  that  it  was  not 
no  essary  to  use  the  steaming  still  at  all  to 
obtain  a  good  medium  soft  pitch. 

Since  the  experiment,  the  top  portion  of  the 
second  coil  has  been  dismantled,  and  six  laps  show  a 
deposit  oi  carbon.  The  first  lap  shews  from  \" 
to  \"  deposit.  The  next  three  shew  a  i"  deposit, 
and  the  next  two  \"  deposit  of  carbon. 

The  oil  produced  from  the  second  coil  during  the 

experiment  has  been  examined,  and  a  comparison 
is  given  below  between  this  oil  and  the  oil  obtained 
by  distillation  in  the  pot  still. 


(Oil  obtained  during 
experiment.) 


Sp.  gr.  15-5°  C. 


Paraffins 

Loss  on  wash--! 
ing  with) 
H.SO,,  1-84  " 
sp.  gr.  J 

Tar  acids 

Sp.    lt.    crude 
dry  tar  acids 

Character  of  tar 
acids 

Calorific  value 

Residual  at  1 
300°  c.         ; 


1-03 
■991    (Fraction    to 

300°  cx 
■9568  (.Fraction  to 
300°  C  .  washed  free 
from  tar  acids  and 
pyridine). 
15  (Fraction  to  300° 

C). 
(Infraction  to  300° 
C).     Washed  free 
from  tar  acids  and 
pyridine. 
S4% 


1-087 

Apparently  identical 

17,100  B.T.TJ. 

Stirf  sri.-ky  homo- 
geneous mass. 

No  evidence  of  low 
boiling  bodies. 


B. 

(Mixed  carbolic  and  heavy 
creosote  oils  obtained  during 
ordinary  distillation  in  pot 

stills) 
1014 
■987  (Fraction  to  300°  C.) 

•9547  (similarly  treated). 


12  (Fraction  to  300°  C). 
12  (Similarly  treated). 

34% 
1-083 

17,400  B.'T.TJ. 

Mobile  oily  mass  containing 
crystals. 


From  these  figures  it  would  appear  that  there  is 
verj  little  difference  between  the  fraction  of  either 
"  A  "  or  "  IS  "  boiling  up  to  300°  C. 

On  carrying  the  distillation  of  both  oils  to  360°  C, 
oil  "  A."  leaves  a  residue  of  soft  pitch,  amounting 
to  24    ,  against  9      from  oil  "B." 

Examined  microscopically  the  pitch  produced 
during  the  experiment  appeared  to  contain  no  more 

carbon  than  that  produced  in  the  ordinary  method 
of  distillation  by  the  pot  still. 


CAliBOLW   PLANT. 
Oil  Washers. 

These  are  of  the  Typhoon  type,  illustrated  in 
Fig.  6.     This  is  a  very  efficient  type  of  washer. 

The  washer  having  been  charged  with  oil  and 
caustic  soda  solution,  the  paddle,  A,  is  set  in 
motion,  the  quickly  revolving  contents  setting  up 
a  vortex  in  the  centre.  The  radial  baffles,  B,  are 
then  lowered  so  as  just  to  break  the  surface  of 
the  liquid,  which  is  thus  caused  to  cascade  into 
the  centre  of  the  vortex.  When  agitation  is 
complete  and  just  prior  to  settling,  if  the  radial 
baffles  are  raised  clear  of  the  liquid  and  the 
propeller  kept  in  motion  for  a  short  time,  quicker 
separation  takes  place.  The  lower  layer  of  sodium 
salts  of  tar  acids  is  run  off  and  pumped  into  the 
carbonators.  The  carbonators  are  old  tar  stills. 
When  fully  charged,  carbon  dioxide  obtained  from 
waste  gases  from  the  sulphate  of  ammonia  plant 
is  bubbled  through,  liberating  the  tar  acids  and 
forming  sodium  carbonate. 


Dorr    Continuous    Causticising    Plant. 
Figure   7 — Flow    Sheet. 

The  lime  and  sodium  carbonate  are  slaked  in 
a  Harding  conical  ball  mill.  The  slaked  lime 
etc.  flows  into  a  sump,  and  is  pumped  to  the 
first  reaction  agitator,  overflowing  from  there  to 
the  second  reaction  agitator,  and  from  the  second 


Fig.  6. 
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to  the  Dorr  thickener.  Caustic  soda  solution 
(approx.  10  per  cent.  NaOH)  overflows  near  the 
top  of  the  thickener,  and  the  underflow  of  cal- 
cium carbonate  sludge  is  pumped  to  the  next 
thickener,  where  it  meets  wash  water  as  it  emerges 


•■  Don  "  reaction  agitator.     (Fig.  8.) 

The  drawing  is  self-explanatory.  It  is  only 
necessary  to  point  out  that  the  shaft  below  A 
is    hollow,    and    has    an    inlet   for   compressed   air 


Fro.  10. 


from  the  pump.  Weak  caustic  soda  overflows 
and  is  returned  into  process,  and  the  underflow  of 
calcium  carbonate  is  pumped  to  the  Oliver  niter. 
The  filtrate  from  the  Oliver  filter  is  returned  into 
process,  the  calcium  carbonate  cake  being  removed 
bv   conveyor. 


at  the  bottom.  The  compressed  air  ejects  the  re- 
acting mixture  up  the  hollow  shaft  on  to  A 
which  is  perforated  on  the  bottom,  and  acts  as 
a  sprinkler.  The  reaction  agitators  are  lagged 
to  conserve  heat,  and  additional  heat  is  obtained 
by  means  of  steam  coils,  not  shown  in  the  drawing. 
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"  Dorr"  thickener.     (Fig.  9.) 

'I'lie  "Dorr"  thickener  is  divided  into  three 
sections  by  the  trays,  A  and  A2.  It  has  three 
sets  of  paddle  arms  (the  arms  on  A,  are  not 
shown).  The  overflow  from  the  second  reaction 
agitator  enters  the  thickener  at  B.  The  paddles 
revolve  very  slowly.  It  has  been  shown  by  the 
"  Dorr  "  people  that  quicker  settling  of  suspended 
matter  from  a  liquid  is  obtained  by  gentle  agita- 
tion, than  by  allowing  settling  to  take  place  in 
the  ordinary  way. 

Clear  caustic  soda  solution  flows  away  by  pipes 
C  and  C2,  just  under  the  outer  edge  of  trays,  A 
and  A2. 

The  thickeners  are  lagged  to  prevent  convection 
currents  being  set  up  by  external  cooling,  which 
would  impede  settling. 

The  Oliver  continuous  rotary  filter,  and  the 
Scott  evaporator,  have,  I  believe,  been  described 
at  previous  meetings  of  this  Group,  and  require 
no  comment. 

It  was  hoped  that  the  plant  would  be  in  oper- 
ation in  time  for  the  Meetings,  but  this  does  not 
now  appear  possible. 
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Carbolic  Distillation  Plant. 
Fig.   10  illustrates  this  plant  with  fractionating 
column   in   6ft.    sections,      packed     with     Lessing 


rings.  Until  the  distillates  are  free  from  water, 
all  vapours  bypass  the  column  by  pipe,  A,  to  the 
condenser.  Vapours  passing  up  the  column  may 
be  taken  off  through  pipes,  B,  B,  at  the  top  of 
the  first  and  second  sections,  if  it  is  not  desired 
to  use  the  whole  column  at  any  period  during 
the  "distillation.  The  rings  are  dumped  into  the 
column  and  allowed  to  arrange  themselves  in 
whatever  position  they  fall.  Only  1U-2U  per  cent. 
of  the  volume  of  the  column  is  taken  up  by  the 
material  of  the  rings.  The  column,  therefore,  has 
a  largo  amount  of  free  space,  and  offers  little 
resistance  to  the  vapours. 


Benzol  plant. 

This  plant  contains  two  Hodson  Thomas  stills  with 
columns  and  dephlegmators  and  one  still  with 
Kubierschky  spraying  column  with  dephlegmator. 

The  Hodson  Thomas  stills  are  heated  by  a  nest 
of  tubes  fitted  into  expansion  tube  plates  at  each 
end  of  the  still.  The  steam  chest  is  divided  longi- 
tudinally by  a  plate  which  is  part  of  the  steam 
chest  casting  and  each  half  has  its  own  steam 
connexion,  so  that  half  or  all  of  the  tubes  can 
be  utilised   as   desired. 

The  column  is  of  the  bubbler  type  and  is  built 
up  of  a  number  of  cast  iron  sections.  A  loose 
plate  carrying  four  serrated  caps  fits  into  each 
section.  The  return  pipe  from  section  to  section 
is  arranged  to  give  a  sufficient  depth  of  liquid 
on  each  tray  to  form  a  seal. 

The  dephlegmator  is  of  the  usual  type,  tubes 
expanded  into  expansion  tube  plates.  The  vapours 
enter  at  the  top,  cooling  water  passes  up  the 
tubes,  and  any  condensate  passes  back  to  the 
column  by  means  of  a  return  pipe  from  the 
bottom. 

The  uncondensed  vapours,  i.e.,  the  lighter  frac- 
tions,  pass  forward  to   the  condenser. 


Kubierschky  spraying  column. 

The  column  for  two-thirds  of  its  height,  is 
made  up  of  a  number  of  sections.  Each  section 
has  centre  vapour  passages,  P,  surrounded  by 
cylindrical  casings  forming  with  the  shell  of  the 
column  annular  spaces,  S.  The  cylindrical  casings, 
Q,  are  divided  into  sections  by  the  perforated 
plate,  R  (this  plate  is  not  perforated  in  the 
centre  above  the  vapour  passage,  P),  and  the 
stabbed  plates,  V.  The  top  portion  of  the  column 
is  filled  with  wire  mate. 

The  vapours  rising  through  P  descend  with  the 
downward  raining  condensates  and  are  forced  by 
the  vapours  following  to  the  bottom  of  the  com- 
partment and  up  through  the  annular  space,  S, 
to  the  next  top  of  the  next  compartment.  The 
vapours  pass  in  the  same  way  to  the  bottom  and 
rise  up  through  the  next  centre  vapour  passage 
and  so  on,  in  the  directions  indicated  by  the  ar- 
rows. 

It  is  hoped  that  some  useful  information  may 
be  obtained  from  the  paper.  One  regrets  that  it 
is  not  possible  to  give  any  figures  in  reference, 
particularly  to  the  continuous  causticising  plant 
and  Oliver  filter,  or  to  compare  from  actual  work- 
ing the  relative  merits  of  the  three  types  of  rec- 
tification columns  described,  as  the  plant  is  not 
yet  completed. 

In  conclusion,  I  wish  to  express  my  thanks  to 
Mr.  R.  P.  Stewart,  for  assistance  in  carrying  out 
tests  and  compiling  data  relative  to  tar  acids  and 
the  continuous  distillation  of  tar,  and  to  Mr.  C. 
Chapman  for  assistance  in  compiling  other  data 
embodied  in  the  paper. 
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Discussion. 
The  Chairman  said  he  was  sure  they  had  all 
listened  with  very  great  interest  to  this  paper,  and 
perhaps  later  on  he  would  have  something  to  say 
upon  it.  Fur  the  moment,  all  he  would  do  was  to 
draw  attention  to  the  very  pretty  way  in  which  the 
plant  had  been  arranged.  He  was  sure  thai 
must  have  impressed  itselt  upon  all  those  who  had 
had  the  opportunity  of  visiting  the  works  the 
previous  day. 

Me.  F.  Nicholls  asked  the  author  if  he  dealt 
with  his "  horizontal  and  vertical  retort  tar 
separately  or  together,  and  what  advantage  did  lie 
find  from  whichever  course  he  adopted? 

Mb.  R.  McLaotien  said  he  wished  to  point  out 
the  necessity  for  a  much  better  nomenclature  in 
regard  to  different  tars.  It  was  not  sufficient  now 
to  discuss  tars  as  coal  tars.  There  were  high  tem- 
perature tars  and  low  temperature  tars,  but  even 
that  was  not  sufficient,  and  it  would  be  necessary  to 
define  tar  as  high  temperature  tar,  semi-high  tem- 
perature tar,  medium  tar,  semi-low  temperature 
tar  and  low  temperature  tar.  There  were  very  big 
differences  and  the  paper  indicated  some  of  them. 
The  ordinary  horizontal  tar  was  rightly  described 
as  high  temperature  tar.  Vertical  tar  was  described 
by  the  author  as  a  mixed  tar,  which  he  also  thought 
was  correct,  although  in  the  main  it  was  really  a 
medium  temperature  tar.  The  great  number  of 
tars  that  were  being  produced  just  now  by  low  tem- 
perature processes  were  not  truly  the  lowest 
temperature  tars;  they  were  what  he  would  call 
semi-low  temperature  tars.  The  only  true  low 
temperature  tars  that  he  knew  were  those  that  were 
carried  forward  immediately  out  of  the  tempera- 
ture at  which  they  were  distilled.  In  most  low 
temperature  processes,  where  there  was  external 
heating,  the  gases  reached  a  temperature  of  500°  or 
600°  and  decomposition  rapidly  set  in.  That 
decomposition  set  in  with  a  true  low  temperature 
tar.  If  they  put  true  low  temperature  tar  into  a 
still  and  distilled  it,  a  very  large  amount  of  dis- 
sociation took  place  under  these  conditions.  That 
was  the  necessity  he  saw  for  a  further  definition  of 
high  and  low  temperature  tars.  The  next  point  in 
the  paper  to  which  he  wished  to  draw  attention 
was  where  the  author  referred  to  the  possibility  of 
the  production  of  low  temperature  tar  in  the 
ordinary  vertical  retort,  and  to  some  solvent  action 
on  the  coal  at  these  lower  temperature  zones  so 
that  the  gases  picked  up,  in  passing,  some  of  the 
primary  constituents  of  the  coal  stuff  itself.  He  did 
not  find  that  in  the  McLauren  process,  and  he  was 
inclined  to  think  it  was  not 'so.  The  author  also 
mentioned  the  probability  of  the  presence  of 
trihydric  phenols  in  the  higher  boiling  portions  in 
connection  with  vertical  retorts.  In  low  tempera- 
ture tar  there  certainly  was  a  body  very  similar  to 
pyrogallol,  although  he  had  not  been  able  to  locate 
it.  It  was  present  in  considerable  quantity  and 
was  like  pyrogallol,  but  he  could  not  say  definitely 
whether  it  was  a  trihydric  phenol.  A  very 
interesting  point  with  regard  to  horizontal  and 
vertical  retort  tar  was  the  percentage  of  tar  acids 
compared  with  the  percentages  of  tar  acids  in  low- 
temperature  tars.  It  was  really  a  question  of  dis- 
tillation. According  to  the  paper  there  was  9% 
of  crude  tar  acids  from  a  high  temperature  tar, 
and  that  worked  out,  roughly,  at  9  lb.  per  ton  of 
coal.  If  they  took  vertical  retort  tar  there  was  a 
higher  yield  of  tar  acid  per  ton,  viz.,  about  20  lb., 
whereas  with  the  true  low  temperature  tar  the 
proportion  was  40  lb.  per  ton.  The  characteristic 
of  the  low  temperature  tar  was  the  higher  percent- 
age of  the  higher  boiling  point  phenols — and  that 
was  further  evidenced  in  the  paper,  where  there 
was  an  indication  of  a  rapid  decline  in  the  high 
boiling    point    phenols    in    vertical     retort    tars, 


whereas  the  percentage  of  high  boiling  point 
phenols  in  low  temperature  tars  was  of  the  order  oi 
.'ill  ;  to  ID  .  Kvcn  at  L'oll'J  to  :S0U°  then'  were  si  ill 
phenolic  bodies  in  the  pitch.  He  wished  to  suggest 
that  these  high  boiling  point  phenols  were  being  de- 
composed in  the  ordinary  process  of  distillation  and 
gave  benzene.  Was  it  possible  that  naphthalene 
occurred  in  high  temperature  distillation  just  at 
the  point  of  distillation  of  the  higher  boiling  point 
phenols?  He  thought  it  worth  while  considering 
that,  because  the  naphthalene  appeared  as  the  high 
boiling  point  phenols  disappeared.  It  did  not 
follow,  because  there  were  other  aromatic  bodies 
in  the  tars,  but  it  seemed  to  him  a  suggestion  worth 
following  up. 

Mb.  P.  Pabbish  said  it  seemed  to  him  that  the 
setting  which  the  author  had  adopted  so  far  as  the 
newer  type  of  still  was  concerned  only  gave  a  short 
time  contact  as  between  the  products  of  combustion 
and  the  still  by  reason  of  the  fact  that  he  adopted  a 
vertical  flue.  He  knew  that  one  of  the  considera- 
tions in  connection  with  that  arrangement  was  the 
fact  that  the  still  could  be  lifted  out  and  there  was 
no  necessity  to  replace  the  brickwork,  but  it  seemed 
to  him  that  that  advantage  could  be  obtained  and 
yet  a  design  of  flue  adopted  which  would  admit 
of  ten  times  the  contact  possible  with  the 
ordinary  ones.  He  wondered  if  the  author  had 
considered  it,  because  he  had  occasion  during 
the  war  to  seat  many  stills,  and  found  that 
from  the  point  of  view  of  efficiency  the 
spiral  type  of  flue  was  infinitely  better.  With 
regard  to  the  Typhoon  agitator,  it  seemed  to  him 
that  there  was  an  optimum  agitation  possible  with 
that  type  and  that  when  they  got  beyond  it 
emulsions  were  formed.  He  Wondered  whether  the 
author  had  had  any  experience  in  that  connection. 
His  third  point  was  the  question  of  the  Kubierschky 
column,  the  bubbling  type  of  columns  and  Lessing 
rings.  It  was  highly  important  that  chemical 
engineers  should  arrive  at  some  coefficient  with 
regard  to  these  various  fractionating  columns. 
This  w-ork  ought  to  have  been  done  long  ago,  but 
Mr.  Walmsley  had  an  admirable  opportunity  for 
trying  their  respective  merits  and  seeing  precisely 
which  was  the  best.  He  had  had  many  discussions 
with  Dr.  Lessing  on  this  subject,  but  he — Mr. 
Parrish — still  believed  in  bubbling.  He  had  had  a 
good  deal  of  experience  in  connection  with  bubbling 
as  compared  with  time  contact,  and  had  yet  to  be 
convinced  that  the  enormous  areas  that  had  to 
be  afforded  in  connection  with  time  contact  in 
order  to  admit  of  fractional  condensation  were  at 
all  comparable  with  the  small  column  and  high 
efficiency  which  resulted  from  bubbling.  Therefore, 
he  suggested  that  Mr.  Walmsley  had  an  admirable 
opportunity  for  determining  once  for  all  what  the 
respective  coefficients  were,  and  the  chemical 
industry  generally  would  be  grateful  to  the  author 
if  he  would  publish  the  data  at  some  future  time. 

Mb.  F.  M.  Potteb  said  the  hest  contribution 
that  he  himself  could  make  to  the  discussion  would 
be  to  give  some  figures  for  the  working  of  Wilton 
coils,  of  which  he  had  had  some  considerable  experi- 
ence. He  greatly  favoured  the  system  of  a  Wilton 
coil  combined  with  the  pot  still,  using  one  Wilton 
coil  very  much  on  the  lines  laid  down  in  the  paper, 
and  using  a  pot  still  for  taking  off  the  light, 
medium  and  heavy  creosote  fractions.  The  advan- 
tage of  this  system  was  that  they  could  deal  with 
any  tar  no  matter  how  bad  it  was,  and  the  process 
was  almost  independent,  so  far  as  frothing  troubles 
were  concerned,  of  the  ammoniacal  liquor  content. 
The  'only  trouble  as  the  water  increased  was  a 
reduction  in  output  and  an  increased  repairs  charge 
on  the  stills  due  to  the  increased  ammonium  salts 
present.  He  had  erected  units  to  deal  with  30,000 
gallons    in    the    24    hours,    in    addition    to    units 
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similar  bo  those  mentioned  in  the  paper.  The  30,000- 
gallon  units,  however,  were  not  built  as  a  vertical 
,,11!  1. in  as  a  horizontal  coil  in  two  layers,  the  top 
layer  being,  as  it  were,  a  preheating  section.  With 
a  coil  of  that  kind  he  had  Found  it  possible  to  get 
a   Fuel  figure  per  1000  gallons  of  tar  of  240  lb.  of 

<• paratively  low  grade  coke  breeze,  which  would 

run  ,,iit  :.t  about  10,000  B.Th.U.  per  lb.  The  fuel 
used  on  the  pot  still  would  be  about  340  lb.,  making 
a  total  of  580  lb.  of  fuel  per  Kind  gallons  of  tar, 
that  tar  having  an  average  of  8  to  HI  of  water. 
These  figures  could  be  compared  with  those  given 
in  the  paper.  His  doubts  with  regard  to  the 
double  coil  system  were  partly  as  to  repairs  and 
maintenance  "of  the  second  coil.  He  believed  that 
111  the  earlier  days  with  this  coil  a  somewhat  similar 
system  was  tried  and  was  not  found  to  be  very 
successful.  In  the  present  case  he  knew  that  the 
initial  life  of  the  cod,  without  any  repairs  whatso- 
ever, would  be  between  10  and  11  million  gallons  of 
tar  at  the  first  run.  After  that,  the  bottom  layer 
commenced  to  go,  and  there  would  be  a  breakdown 
after  another  1£  to  2  million  gallons.  These  repairs, 
however,  were  easily  effected.  It  meant  the 
removal  of  one  or  two  9  ft.  lengths  of  pipe  or 
binds,  and  replacement  of  a  small  section  of  brick- 
work. The  life  between  repairs  got  shorter  each 
time  until  a  figure  of  15  or  16  million  gallons  had 
been  reached.  Then  it  was  best  to  remove  the 
bottom  layer  of  the  coil  and  replace  it  and  thus 
start  again  with  a  fresh  initial  life  for  this  section. 
With  this  combined  system,  he  got  very  steady 
working  on  the  pot  stills.  The  30,000  gallon  coil 
kept  four  stills  going  and  employed  two  men  per 
shift,  one  working  the  coil  and  one  working  the 
stills,  so  that  they  had  two  men  per  shift  per  30,000 
gallons  of  tar  in  the  24  hours.  That  meant  that 
the  still  was  running  about  three  charges  in  the 
24  hours  on  the  12J  ton  still,  which  means  quite 
swift  working.  The  average  workings  in  his  case 
for  the  12  months  was  just  over  100  charges  per 
still  between  cleanings.  He  believed  that  these 
figures  would  be  interesting  when  they  were  con- 
sidering the  working  of  the  double  Wilton  coil.  The 
advantages  of  the  double  coil  were  still  open  for 
further  discussion.  If  they  were  going  to  get  the 
cracking,  which  the  author  referred  to,  that  was  a 
point  which  would  have  to  be  considered  against 
the  advantages  of  the  other  plant.  He  would  like 
tj  suggest  to  the  author  that  in  going  into  this 
question  of  cracking,  he  should  endeavour  to  trace 
its  extent  by  getting  out  a  free  carbon  balance  as 
between  the  free  carbon  in  the  original  tar  and  the 
free  carbon  in  the  final  pitch.  He  had  sometimes 
suspected  that  there  might  be  more  cracking  in  the 
Wilton  coil  as  compared  with  the  pot  still  on  his 
small  experimental  unit  and  he  had  endeavoured  to 
trace  it  by  determining  the  free  carbon  in  the  tar 
fed  in.  and  the  free  carbon  in  the  final  product  and 
estimating  the  formation  of  free  carbon  by 
difference,  but  he  found  that  the  amount  formed 
was  exceedingly  small.  He  had  no  figures  from 
other  works,  but  there  were  some  American  patents 
in  which  the  patentees  claimed  to  effect  some  great 
improvements  in  tar  distillation  by  conducting  it 
in  an  atmosphere  of  CO2.  They  actually  bubbled 
CO2  or  nitrogen  gas  through  the  still,  and  in  the 
preamble  to  one  of  the  patents  they  claimed  some 
very  large  improvements  in  the  amount  of  free 
carbon  formed  during  distillation. 

The  Chairman  said  he  was  not  absolutely  sure  of 
his  ground,  but  he  believed  he  was  right  in  saying 
that  the  inventor  of  the  pre-heater  system  had  been 
rather  forgotten  in  the  paper.  He  believed  that 
the  first  patent  for  the  pre-heater  system  was  taken 
out  way  back  in  the  last  century  by  Mr.  Ellison 
and  he  deserved  the  credit  because*  it  was  not  taken 
up  for  a  long  time  afterwards.  He  felt  that  that 
ought  to  be  mentioned.     He  did  not  know  that  he 


hail  very  much  to  say  beyond  that  except  that  he 
had   got  some  figures  that    might   be  of   interest. 

Some   years   ago   he   went    into    the  question   oi    pre 

heater  si  ill-  and  bad  some  large  seal."  experiments 
carried  out   to  try  ami   lind  out   how  much   heal 

was  available-,  and  the  results  were  interesting. 
Four  experiments  were  carried  out.  In  the  first 
rase  there  was  an  interval  of  a  month,  after  the 
first  two  experiments  had  been  carried  out  in  tin- 
same  week,  and  then  there  was  an  interval  of 
another  month  between  the  third  and  the  fourth 
experiments,  so  that  weather  conditions  came  in. 
He  measured  the  water  into  the  condenser  and 
measured  the  rise  of  temperature  and  the  radia- 
tion losses,  and  the  whole  thing  panned  out  that 
from  the  distillation  of  one  ton  of  tar — he  was 
speaking  of  horizontal  tar — there  were  about 
350,000  B.Th.F.  available  for  pre-heating.  He 
mentioned  this  to  emphasise  the  extreme  import- 
ance of  this  type  of  still.  There  was  one  other 
point  which  they  nearly  got  in  the  discussion  but 
not  quite.  He  would  like  to  know  whether  they 
had  considered  sufficiently  the  loss  of  heat,  in  dis- 
tilling  tar,  which  went  up  the  chimney.  Everyone 
who  ran  steam  boilers  was  told  to  put  in  CO2 
recorders  and  so  on,  in  order  to  be  able  to  reduce 
the  loss  up  the  chimney.  He  had  made  some 
experiments  on  tar-stills  and  was  horrified  to  find 
that  60 %  of  the  available  heat  of  the  fuel  went  up 
the  chimney,  and  only  40 %  was  utilised  in  dis- 
tilling the  tar.  That,  of  course,  was  in  the  seating 
and  was  due  to  the  fact  that  the  still  had  to  be 
humoured  to  get  the  real  distillation.  He  mentioned 
this  because  if  the  work  that  Mr.  Walmsley  was 
doing  on  continuous  distillation  came  to  fruition 
they  were  going  to  have  some  very  big  savings  in 
fuel  owing  to  their  being  able  to  control  the 
chimney  gases  very  much  more  efficiently  than  was 
the  case  in  a  still  which  had  to  be  humoured  in 
order  to  get  the  distillate  in  the  proper  form. 
The  one  great  point,  as  he  had  already  mentioned, 
was  the  arrangement  of  the  plant  and  the  single 
stream  right  through.  That  was  a  very  great 
point  in  all  chemical  engineering  and  had  been 
lost  sight  of  more  in  tar  works  than  anywhere  else. 

Mr.  Walmslf.y,  replying  to  the  discussion,  said 
in  answer  to  Mr.  Nicholls,  that  both  horizontal 
and  vertical  retort  tars  were  dealt  with  together. 
He  would  not  have  much  horizontal  retort  tar  in 
a  very  short  time  as  three  of  the  gas  works  would 
be  on  verticals  and  only  one  on  horizontals.  There- 
fore, it  had  not  been  thought  worth  while 
separating  the  tar.  He  did  not  know  that  he  could 
answer  Mr.  McLauren's  questions,  because  he  (Mr. 
McLauren)  knew  so  much  more  about  low  tempera- 
ture carbonisation  than  he  did  himself.  Mr. 
Parrish  bad  talked  about  time  contact  and 
suggested  the  spiral  arrangement  of  flues.  He  had 
only  had  one  experience  of  that,  but  the  still  was 
cut  to  pieces  in  a  very  short  time,  and  he  had  been 
off  the  spiral  arrangement  ever  since.  Whilst  they 
might  not  get  the  same  heat  efficiency  in  the 
system  he  had  adopted,  they  had  to  take  into 
account  the  length  of  life  and  wear  and  tear  on  the 
still,  and  at  present  stills  were  expensive.  He  did 
not  think  they  would  get  emulsification  with  the 
typhoon  agitator.  He  had  not  used  it  for  washing 
oils  for  tar  acids,  but  in  his  use  of  it  for  benzol 
rectification  he  had  not  had  troubles  with  emulsifi- 
cation. In  washing  oils  for  tar  acids,  if  the  caustic 
soda  w-ere  kept  warm,  there  was  a  much  better 
separation.  There  was  some  emulsification  where 
they  had  dirty  oils,  but  that  could  be  avoided  by 
having  a  small  tank  holding  100  or  200  gallons  from 
which  they  ran  off  the  dirt  that  had  emulsified,  and 
put  that  back  with  the  next  batch  of  caustic  soda 
in  the  next  washing.  Mr.  Parrish  also  asked  for 
information  as  to  fractionating  columns  when 
results     had     been     obtained.     There     were     anv 
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number  of    columns    on    the    market    as    well    as 

i. pinions  as  to  the  usefulness  ot  them,  and  thai  was 
the  reason  why  lie  took  three  different  types  in 
order  to  get  to  know  which  was  the  best.  When  he 
had  completed  his  trials,  he  would  be  very  pleased 
to  publish  the  results.  Mr.  Potter  referred  to  the 
Wilton  still  and  to  the  maintenance  of  the  second 
coil.  He  himself  had  dismantled  the  top  portion 
of  this  second  coil  used  in  the  experiments  and 
found  from  £"  to  $"  of  carbon  on  the  top  lap; 
about  i"  on  the  next  three  and  about  i"  on  the 
next  two  laps,  and  this  process  would  be  no  use 
until  that  could  be  overcome.  He  was  easily  able 
to  get  pitch  at  120  through  the  two  coils  alone 
without  the  aid  of  a  final  steaming  coil.  He  got 
about  27  -  ot  pitch  by  difference  as  against  44  . 
and  the  tunny  part  about  the  business  was  that 
uhen  this  pitch,  which  was  120  twist  point,  was 
examined  under  a  microscope,  together  with  a 
sample  of  pitch  from  the  ordinary  distillation,  he 
could  not  find  any  more  evidence  of  free  carbon 
than  before. 

He  had  brought  along  some  samples  of  the  tar 
acids  distilled  into  the  various  fractions  and  a 
sample  of  the  residual  pitch  left  from  both  oils  at 
360°  C.  because  he  thought  some  *ar  entrainment 
had  taken  place,  but  it  had  not.  The  temperatures 
employed  could  not  under  any  consideration  be 
called  cracking  temperatures,  but  he  had  hoped 
that  possiblj  some  of  these  complex  phenol  bodies 


might  form  condensation  products  and  give  some- 
thing in  the  nature  of  resins.  That  had  not 
happened  and  the  tar  acids  were  the  same  as  before. 
However,  he  proposed  to  give  these  tar  acids  a 
chan  c  because  one  did  not  know  what  might 
happen  because  they  ■were  protected  by  other  oils 
and  by  the  pitch.  Therefore,  he  proposed  to  take 
these  tar  acids  after  extraction  and  put  them 
through  the  coil  and  see  if  by  any  possible  means 
they  could  get  these  bodies  to  break  down  m  any 
way  or  cause;  them  to  condense  and  give  something 
of  a  resinous  nature.  Mr.  Potter  had  mentioned 
Wilton  coils  for  treating  30,000  gallons  per  day 
with  two  men  per  shift.  On  the  block  of  tar  stills 
which  they  had  seen  at  Provan  there  was  one  man 
on  each  shift.  A  block  would  do  200  tons  a  day, 
which  showed  a  saving,  as  far  as  man  power  was 
cencerned,  of  three  men  for  the  day  on  a  total  of 
150  tons  of  tar  as  against  200. 

He  was  glad  to  have  the  figures  as  to  the  heat 
which  went  up  the  chimney  and  of  the  available 
heat  from  the  vapours  issuing  from  the  towers. 
These  were  things  which  would  have  to  be  con- 
sidered, and  an  endeavour  made  to  cut  them  down. 

The  vote  of  thanks  to  the  author  was  carried  with 
acclamation,  as  was  one  to  Mr.  Coleman  for  pre- 
siding during  the  Session. 

An  adjournment  was  then  made,  and  a  further 
Session  was  held  in  the  evening. 


EVENING    SESSION. 

At  the  evening  session  Mr.  J.  Arthur  Reavell,  M.I.M.E. 
of  the  Group,  presided.      The  first  paper  was 
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THE    GENERAL    PROBLEM    OF 
EVAPORATION. 

By  PROF.  J.  W.  HINCHLEY,  Wh.Sc,  A.R.S.M.,  F.I.C.,  M.I.Chem.E. 


The  common  meaning  of  the  term  "Evaporation" 
is  the  vaporisation  of  a  liquid  at  some  temperature 
below  its  boiling  point  but  in  the  technical  sense 
the  word  may  be  considered  to  be  synonymous  with 
vaporisation. 

In  chemical  factories  the  process  of  evapo- 
ration and  the  inverse  process  of  condensation  is 
taking  place  continuously.  The  subject  is  a  very 
difficult  one  and  challenges  the  chemical  engineer 
at  every  turn.  It  may  be  considered  under  two 
heads : — 

(a)  Evaporation  below  the  boiling  point  of  the 
liquid  evaporated  and 

(6)  Evaporation  at  the  boiling  point. 

The  study  of  the  former  has  occupied  the  atten- 
tion of  meteorologists,  physiologists  and  physicists 
to  an  extraordinary  extent  for  many  years,  but 
unfortunately  the  work  has  rarely  had  any 
chemical  engineering  aspect,  and  its  utility  for 
this  purpose  is  generally  lost  sight  of. 

A  consideration  of  evaporation  from  the  point  of 
view  of  the  kinetic  theory — the  escape  of  molecules 
from  the  surface  of  a  liquid  through  striking  that 
surface  at  a  high  velocity — leads  to  some  interest- 
ing and  practical  points.  The  rate  of  escape  of 
such  molecules  is  greater  when  the  surface  of  the 
liquid  is  convex  than  when  it  is  plane,  and  still 
greater  than  if  the  surface  were  concave.  Above 
a  convex  surface  the  vapour  tension  must  be  greater 
and  above  a  concave  surface  it  must  be  less  than 
that  above  the  plane  surface  of  a  liquid.  This 
difference  in  vapour  pressure  may  be  shown  to  be 
equal   in  dynes   per  sq.   cm. 

o-         2  s 
~P—  o-        r 
where 

c  is  the  density  of  the  vapour. 
P  is  the  density  of  the  liquid, 
s  is  the  surface  tension  of  the  liquid, 
r   is  the  radius  of  the  surface. 
Although  the  effect  appears  to  be  a  small  one  it 
is   of   importance    in    many    kinds    of    evaporating 
plant,    for    evaporation    is    essentially    a    surface 
question.       In     drying     plant     also     the     physical 
character  of  the  material,  its  porosity,  etc.,  have 
an   enormous   influence   on   the   rate   of  drying. 

Dalton,  Apjohn,  Maxwell  and  Stephan  are  the 
most  celebrated  of  the  host  of  workers  who  have 
studied  this  subject.  Stephan  showed  that  the  rate 
of  evaporation  from  a  circular  flush  tank  of 
radius  a  is  given  by  the  expression:  — 


where 

k  is  the  coefficient  of  diffusion  of  the  vapour, 

P  is  the  total  barometric  pressure, 

p0  is  the  partial  pressure  in  mm.  of  Hg.  of  the 

vapour  of  the  air, 
p,   is  the  partial  pressure  of  water  vapour  at 
the   temperature   of   the   water   surface. 
If   p0    and    p,    are    small    in    respect   to    P    this 
formula  becomes — 


4  a  k  (P.-P.) 


4  a 


k  log  £ZJ?» 
p-Pi 


Such  a  formula  is  useless  to  the  chemical 
engineer,  since  it  is  almost  impossible  of  applica- 
tion. It  states  that  the  rate  of  evaporation  is 
proportional  to  the  linear  dimensions  of  the  tank. 

A  short  experience  with  figures  derived  from 
industrial  work  rapidly  proves  that  the  rate  of 
evaporation  may  be  taken  to  be  proportional  to 
the  area  of  the  surface  without  serious  error,  pro- 
vided that  other  factors  such  as  the  size,  the 
ventilation  and  other  points  with  respect  to  the 
factory  are  taken  into  consideration. 

An  excellent  account,  from  the  physiologist's 
point  of  view,  of  his  own  and  similar  work  on  this 
subject  is  given  by  Dr.  Leonard  Hill  in  "  The 
Science  of  Ventilation  and  Open-Air  Treatment," 
published  by  H.M.   Stationery  Office. 

The  urgent  necessity  some  years  ago  of  estimat- 
ing the  outputs  of  crystallising  plant  compelled 
the  author  to  determine  the  rate  of  evaporation 
from  water  surfaces  under  ordinary  factory  con- 
ditions. The  ordinary  statement  that  the  rate  of 
evaporation  in  still  air  was  proportional  to  the 
difference  between  the  vapour  pressure  of  the 
liquid  and  the  vapour  pressure  in  the  air  was  found 
to  be  untrue,  but  a  simple  and  reliable  formula,  at 
any  rate  for  chemical  engineering  purposes,  was 
found  and  adopted.  The  formula  may  be  subject 
to  criticism  on  account  of  its  dimensions,  but  its 
utility  justifies  its  existence.  Since  that  date 
hundreds  of  experiments  with  simple  apparatus 
have  been  carried  out  by  the  students  of  the 
Imperial  College  in  the  course  of  their  training,  and 
it  is  found  that  the  rate  of  evaporation  may  be 
expressed  by  a  simple  formula  :  — 
Rate  of  evaporation  in 
kilograms  per  sq.  metre 
per  hour  from  water 
surfaces 
where 

pe  =  vapour  pressure  of  the  liquid  in  mm.  Hg. 

at  the  temperature  of  evaporation. 
pd  =  vapour   pressure   of  the    water   vapour    in 
the  air  in  the  same  units. 


Pe-PdV"2 
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This  equation  has  been  drawn  in  the  form  of  a 
curve  (Fig.  1),  and  as  an  alignment  chart  (Fig.  2) 
by  Mr.  I'manski  (a  former  student  of  the  Imperial 
College).  Knowing  the  temperature  of  the  water 
and  the  hygmmetric  state  of  the  air,  the  formula 
enables  one  to  determine  at  any  instant  the  rate  of 
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with  salt  solutions  and  compared  with  factory 
results.  In  general  the  agreement  is  good,  but  for 
estimating  purposes  the  formula  may  be  assumed 
to  be  10%   high. 

When    calculating    the    value    of    pe    for    a   salt 
solution     using     Raoult's     law     (the     lowering     of 
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evaporation  from  tanks  of  water  in  still  air.  With 
salt  solutions  it  is  obvious  that  the  formula  should 
give  accurate  results  provided  that  the  reduction 
of  the  vapour  pressure  of  the  solution  through  the 
presence  of  the  salt  be  taken  into  account.  These 
experiments  have  been  made  both  with  water  and 


vapour  pressure  is  proportional  to  the  mol  perunit- 
age  of  the  dissolved  salt  present),  any  dissociation 
of  the  salt  should  be  taken  into  account. 

Above  60°  C.  the  experimental  results  are  lower 
than  those  indicated  by  the  formula  owing  to  the 
fact  that   p„  i-  not  the  true  vapour  pressure  in  the 

I 


128 


PROCEEDINGS   OF  THE   CHEMICAL   ENGINEERING   GROUP. 


air  in  immediate  contact  with  the  liquid.  On  the 
other  hand  the  margin  conditions  modify  the  effect 
as  between  large  vessels  and  small  vessels  to  a 
small  extent. 

It  may  be  remarked  that  since  from  a  theoretical 
point  of  view  the  rate  of  evaporation  in  a  still 
atmosphere  should  be  proportional  to  the  vapour 
pressure  difference,  some  explanation  of  the  index 
is  desirable.  The  explanation  seems  to  be  that 
absolutely  still  air  is  impossible  under  the  con- 
ditions, for  moist  air  is  lighter  than  dry  air,  so  that 
convection  must  be  a  normal  accompaniment  of 
evaporation.  Again,  when  there  is  a  difference  of 
temperature  between  the  liquid  and  the  atmosphere 
the  convection  effect  must  be  still  more  evident. 

Leonard  Hill,  in  approaching  the  subject  from 
a  physiological  standpoint,  obtained  a  slightly 
different  formula.  He  used  a  simple  and  ingenious 
instrument  called  a  "  Kata-thermometer,"  simply 
an  alcohol  thermometer  with  a  large  bulb  which 
measures  its  own  rate  of  cooling.  By  covering  the 
bulb  with  a  "  muslin  glove,"  after  dipping  the 
whole  instrument  in  hot  water,  its  rate  of  loss  of 
heat  could  be  determined  in  any  air  conditions 
imposed.  He  referred  all  his  results  to  the 
temperature  of  the  human  body.  It  will  be 
obvious  that  the  area  of  surface  of  a  "  muslin 
glove  "could  not  be  a  very  accurate  figure  for  our 
purpose,  although  it  is  remarkably  valuable  and 
satisfactory  for  physiological  purposes.  He 
obtained   the   formula — 


E  =  0-085  (pe-paj  t 


where  E  is  the  rate  of  evaporation  loss  in  heat 
units -millicalories  per  sq.  centimeter  per  6econd. 
It  will  be  noticed  that  the  index  is  i,  not  T2. 

The  work  of  Carrier  in  America  calls  for  special 
mention,  since  he  has  approached  the  subject  from 
a  chemical  engineering  point  of  view  and  has 
obtained  extremely  useful  results.  His  formula 
for  evaporation  in  still  air  is — 

R  =  0-093  (e^e) 

where  R  is  the  number  of  pounds  of  water 
evaporated  per  sq.  foot  of  surface  per  hour  and  el 
and  e  are  the  vapour  pressures  of  the  liquid  and  in 
the  air  respectively  in  inches  of  mercury.  Con- 
verted into  metric  units  and  using  the  same 
notation  as  before  we  get — 

W  =  00178  (pe-pa) 

It  will  be  noticed  that  0'0I78  is  nearly  jV 
Effect  of  velocity. — The  effect  of  a  draught  on  the 
rate  of  evaporation  from  the  surfaces  of  liquids 
has  been  investigated  by  many  observers.  There  is 
a  difference  of  opinion  as  to  whether  the  rate  of 
evaporation  is  increased  in  proportion  to  the 
velocity  or  in  proportion  to  the  sq.  root  of  the 
velocity  of  the  current  of  air. 

Fitzgerald  in  1886  gave  the  formula — 

w  (1  +  jv)  (Pe-pa) 


where  I)  represents  the  fraction  of  the  density 
of  the  air  due  to  water  vapour  at  the 
surface  of  evaporation, 
k  is  a  co-efficient  of   "  eddy  diffusion  " 
v  is  the  velocity  of  the  wind  which   is 
parallel  to  the  surface. 
His  results  appear  to  lie  in  fair  agreement    with 
several    observations.      The    conclusions    he    draws 
are :  — 

(1)  The  rate  of  evaporation  is  proportional  to 
the  sq.  root  of  the  velocity. 

(2)  The  total  evaporation  from  surfaces  of  the 
same  shape  and  orientation  to  the  wind  are  as  the 
j  powers  of  the  respective  areas. 

Several  observers  have  adopted  a  formula  in 
which  the  increase  of  evaporation  due  to  wind  is 
proportional  to  the  velocity.     This  formula  may  be 

W  =  (CP  +  Bv)  (Pe  -pa) 

where  C  and  B  are  constants,  P  is  the  barometric 
pressure  and  v  is  the  velocity  of  the  wind. 

The  difficulties    of    ensuring  that  the  current  of 
air  is  parallel  to  the  surface,  that  its  velocity  is 
uniform   and   is   measured   accurately,    apart  from 
the  presence  of  disturbances  and  convection  effects 
make  the  problem  extremely  difficult. 

Leonard  Hill's  experiment  first  led  him  to  a 
formula  involving  the  sq.  root  of  the  velocity,  but 
he  has  now  added  to  his  "  still  air  "  formula  the 
factor  0T02V"'',  where  V  is  the  velocity  of  the  wind 
in  metres  per  second.  This  would  indicate  that  the 
rate  of  evaporation  is  doubled  in  a  wind  velocity  of 
0'55  metre  per  second. 

It  is  obvious  that  the  rate  of  evaporation  will  fie 
greater  for  a  wind  impinging  on  a  surface  than  for 
a  wind  parallel  to  a  surface,  and  it  is  usually 
found  that  the  rate  is  nearly  doubled  when  the  wind 
strikes  the  surface  at  a  right  angle.  This  would 
explain  the  high  rate  given  by  Hill's  formula, 
since  his  "  Kata-thermometer  "  exposes  a  large 
area  of  vertical  surface. 

Carrier  states  that  the  rate  of  evaporation  is  3$ 
times  as  great  in  a  wind  of  4000  ft.  per  minute 
velocity  as  in  a  wind  of  1000  ft.  per  minute  velocity, 
and  the  formula  he  adopts  indicates  that  the 
increase  in  evaporation  is  proportional  to  the 
velocity :  — 

R  =    093   (l  +  235)   <e'   -  e> 

where 

R  is  the  rate  of  evaporation  in  lbs.  of  water 

per  sq.  foot  per  hour, 
v  is  the  velocity  in  ft.  per  minute, 
e'-e  are  the  vapour  pressures  of  the  liquid  and 
in  the  air  in  inches  of  mercury. 
Converted     into    metric     units     this    expression 
becomes — 


60 

where  E  is  the  evaporation  in  inches  per  hour  and 
v  is  the  wind  velocity  in  miles  per  hour. 

Converted   into   metric  units   this   would   be — 

W  =  -423(l  +  ^)   (Pe  -  Pd) 

Jeffries  in  1918  discussed  the  subject  mathe- 
matically and  found  that  the  rate  of  evaporation 
from  a  circular  surface  of  radius  a   = 


W   =   00178   (l  +-j^7)   (Pe 


Pd) 


2-44  D  (k  v  a3) 


It  will  be  seen  that  in  a  current  of  air  parallel 
to  the  surface  the  evaporation  is  increased  to  twice 
that  in  still  air  at  a  velocity  of  1T7  metres  per 
second— almost  exactly  half  that  given  by  Hill's 
formula.  The  effect  of  changes  in  barometric 
pressure  on  the  rate  of  evaporation  may  be  allowed 
for  by  modifying  the  formula  as  follows:  — 

W  =  26-2   (^;-^)''2 

and  if  we  adopt  Carrier's  figure  for  the  effect  of 
velocity  on  evaporation  we  obtain  the  following 
formula  :  — 

where,  as  before,  W  is  the  number  of  kilos  of  water 
evaporated  per  sq.  metre  of  surface  per  hour,  v  is 
the  velocity  of   air  in   metres  per   second,   pe   and 
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pj  are  the  vapour  pressures  of  the  liquid  and  in 
the  air  respectively  in  mm.  Hg.  P  is  the  baro- 
metric pressure  in  mm.  Hg. 

This  formula  can  be  approximate  only,  but  under 
ordinary  practical  conditions  where  the  tempera- 
ture of  the  liquid  is  less  than  60°  C.  the  error 
should  not  be  more  than  10%. 

The  experimental  work  at  the  Imperial  College 
has  not  reached  the  stage  when  this  formula  can 
be  thoroughly  criticised. 

It   is  obvious  that   the   formula   must   fail   with 
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In  drying  cakes  of  wet  material  the  rate  of  dry- 
ing is  increased  greatly  by  placing  them  on  edge. 
One  of  the  most  successful  air-drying  peat 
processes  depends  largely  on  that  fact. 

With  reaped  to  the  evaporation  of  liquids  other 
than  water,  the  rate  of  evaporation  appears  to  be 
proportional  to  the  molecular  weight,  and  for 
liquids  which  are  not  associated  the  law  may  be 
stated — 

W  =  0-48  M  fp"  )  1-2  (approximately) 
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high  velocities  of  air  current  because  saturation 
of  the  air  will  impose  a  limit — in  fact,  the  straight 
line  law  suggested  cannot  be  strictly  true. 

There  are  many  applications  of  the  fact  that  the 
rate  of  evaporation  from  a  vertical  surfa  e  is 
practically  twice  that  for  a  horizontal  surface — the 
conditions  under  which  direct  impingement  of  the 
current  of  air  may  readily  take  place. 


where 

M   is   I  he  molecular  weight  of  the  substanc'6 
pe  is  the  vapour  pressure  of  the  liquid 
P  is  the  barometric  pressure. 
W  i.s  the   weight   of   liquid  evaporated    in   kg. 
per  sq.  metre  per  hour. 
Measurement  of  vapour  pressure. — The  accurate 
determination  of  the  vapour  pressure  in  the  air  is 
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becoming  more  and  more  important  as  the  effect 
of  air-conditioning  on  the  output  of  factories  is 
becoming  appreciated.  The  determination  of  the 
dew  point  directly  is  often  in  error  through  the 
temperature  or  heat  gradient  in  the  instrument 
being  comparatively  great.  Fig.  3  shows  a 
venient  dew  point  hygrometer  designed  by  the 
author.  The  thin  silver  chamber  is  charged  with 
ether  and  air  drawn  through  it  by  means  of  a  water 
pump  or  rubber  bulb.  The  cooling  produced  by  the 
evaporation   of   the  ether  lowers  the   temperature 
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oi  the  surface  until  dew  appears.  The  flow  of  the 
pump  i~  then  reduced  until  the  den  j  u~t  disapp 
The  mean  of  the  temperatures  at  which  I 
phenomena  occur  is  taken  to  be  the  dew  point. 
Unfortunately,  even  if  the  experiment  is  performed 
very  slowly,  and  although  a  reading  of  less  than 
one-fifth  of  a  degree  can  be  obtained,  the  tempera- 
ture gradient  may  produce  an  error  of  twice  or 
three  times  that  amount.  This  fact  is  due  to  the 
high  surface  resistance  of  even  such  a  conductor 
as  silver,  so  that  the  temperature  of  the  thermo- 
meter for  both  readings  may  be  as  much  as  half  a 
degree  different  from  that  of  the  surface  upon 
which  the  dew  is  formed.  By  making  the  bulb  of 
the  thermometer  the  container  for  the  cooling 
agent  as  well  as  the  surface  for  the  deposition  of 
dew  the  effect  of  the  temperature  gradient  may  be 
eliminated  and  a  very  accurate  result  obtained. 
Fig.  4  illustrates  such  an  instrument  designed  by 
the  author.  Protection  from  the  breathing  of  the 
operator  may  be  given  by  a  lamp-glass. 

The  dry  and  wet  bulb  thermometer  appears  to  be 
the  universal  instrument  of  the  factory  for  the 
determination  of  the  hygrometic  state  of  the  air. 
A  discussion  of  the  instrument  would  be  too  long 
for  this  paper,  but  it  may  be  stated  that  although 
it  is  nearly  always  inaccurate  it  is  rarely  mislead- 
ing. In  instruments  where  the  bulbs  are  shielded 
and  the  air  is  drawn  past  the  wet  bulb  by 
mechanical  means  most  satisfactory  results  are 
obtained,  but  the  ordinary  stationary  instrument 
is  very  unreliable. 

The  more  recent  electrical  methods  give  excellent 
results,  but  if  used  without  a  complete  knowledge 
of  the  principles  involved  may  be  very  misleading. 

Drying. — While  the  evaporation  formula  given 
are  devised  for  use  in  cooling,  crystallising,  and 
concentrating  operations,  they  may  also  be  applied 
to  drying  operations  in  air  dryers. 

If  the  rate  of  drying  does  not  exceed  the  rate  of 
liquid  diffusion  through  the  material  the  rate  of 
drying  is  nearly  proportional  to  the  perunitage  of 
"  free  "  moisture  present  in  the  material.  The 
texture  and  plasticity  of  the  material  affect  this 
rate  to  an  extent  which  cannot  generally  be 
estimated,  and  experimental  tests  for  the  deter- 
mination of  drying  factors  (the  relation  of  the  rate 
of  drying  of  the  material  to  the  rate  of  drying  of  a 
water  surface  under  the  same  conditions)  are  always 
necessary. 

Knowing  the  maximum  and  minimum  drying 
factors  for  the  material  in  question  and  therefore 
the  maximum  and  minimum  rates  of  drying  the 
logarithmic  mean  of  these  rates  will  give  the 
average  rate  of  drying.  Since  the  determination 
of  a  logarithmic  mean  is  one  of  the  commonest 
calculations  the  chemical  engineer  must  make,  I 
have  ventured  to  submit  a  graphical  method  of 
determining  it.  If  the  smaller  number  be  divided 
by  the  larger  number  and  the  fraction  obtained  be 
called  "  j,"  the  logarithmic  mean  will  be  given  by 
multiplying  the  larger  number  by  the  fraction:- — 

(1-j)  H-  loge  1  j 

The  values  of  this  fraction  are  given  bv  the  curve 
(Fig.  o). 

There  is  another  point  to  which  it  is  neeessary 
to  draw  attention.  There  is  a  loss  of  heat  from 
hot  liquid  surfaces  which  is  not  accounted  for  by 
the  vapour   evaporated. 

Dr.  Hill  has  produced  experimental  evidence 
justifying  him  in  assuming  that  the  loss  of  heat 
from  his  "  Kata-thermometer  "  by  radiation  was 
about  half  the  total  loss. 

Peclet  in  his  classical  work  gives  a  factor  for  the 
radiation  loss  from  water  surfaces  which  is  more 
than  twice  that  from  the  surface  of  ordinary  cast 
iron  at  the  same  temperature. 
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There  is  little  doubt  that  those  statements  arc 
over-estimates,  for  when  this  source  of  loss  is 
neglected  estimates  on  factory  plant  arc  not  very 
seriously  in  error. 

It  is  obvious  that  with  evaporation  at  ordinary 
temporal  hits  from  the  surface  of  crystallising  vats 
this  loss  will  be  nil;  where,  however,  the  tempera- 
ture of  the  liquid  and  air  are  different  heat  inter- 
change takes  place  and  the  heat  necessary  for  the 
evaporation  of  the  liquid  is  derived  from  cither  or 
both  according  to  the  conditions.  Generally,  the 
temperature  of  the  liquid  tends  to  fall  to  that 
temperature  just  above  the  dew  point  at  which 
there  is  equilibrium  between  evaporation,  conduc- 
tion, convection  and   radiation. 

Boiling  point  evaporation. — In  considering  the 
subject  of  evaporation  at  the  boiling  point  we  meet 
with  many  new  conditions  and  limitations  to  the 
rate  of  evaporation  possible  or  desirable.  A 
successful  evaporating  plant  is  one  in  which  for  a 
given  quantity  of  heat  supply  the  maximum  rate 
of  evaporation  is  produced  at  the  minimum  cost. 
On  this  account  it  is  necessary  to  employ  heating 
surfaces  at  their  highest  rates  of  working,  to  use 
sizes  of  vessels  and  pipe  work  so  that  for  a  given 
expenditure  in  capital,  fuel  and  labour,  the 
maximum  amount  of  profit  is  obtained. 

There  is  no  question  that  the  efficiency  of 
chemical  plant  is  capable  of  enormous  improvement 
by  the  application  of  sound  chemical  engineering 
science  both  in  design  and  operation.  Few  are 
aware  to  what  a  considerable  extent  this  improve- 
ment may  be  carried. 

An  increase  in  the  supply  of  sceptical  and  well- 
trained  chemical  engineers  offers  reward  to  the 
plant  manufacturer  and  to  the  plant  user  as  well 
as  increase  in  national  well-being. 

The  guaranteed  outputs  of  plant  manufacturers 
are  sometimes  not  one  half  of  the  outputs  possible 
under  skilled  management.  In  fact,  the  makers 
know  this,  but  realising  how  much  they  are 
dependent  on  the  factories'  superintendence,  they 
dare  not  guarantee  more  than  a  good  performance. 

The  rate  of  heat  transmission  in  evaporating 
plant  from  steam  to  water  solutions  may  vary  in 
the  same  kind  of  plant  from  300  to  over  3000 
calories  per  sq.  metre  of  surface  per  hour  per  1°  C. 
temperature  difference.  This  simple  fact  illustrates 
the   possibilities  of  sound   chemical   engineering. 

In  plant  in  which  evaporation  takes  place  from 
the  surface  it  is  obvious  that  the  area  of  that 
surface  should  bear  some  relation  to  the  amount  of 
evaporation.  The  equation  we  have  already  dis- 
cussed fails  when  pe=P  (i.e.,  at  the  boiling  point), 
but  it  suggests  that  at  the  boiling  point  of  water 
the  rate  of  evaporation  in  still  air  would  be  about 
26  kg.  per  6q.  metre  per  hour  and  that  such  an 
evaporation  would  be  produced  from  water  without 
any  disturbance  of  its  surface,  that  is,  without  any 
boiling.  This  figure  seems  to  indicate  the  rate  of 
evaporation  from  any  water  solution  at  which  no 
difficulties  from  frothing,  entrainment,  or  other 
troubles  could  occur. 

The  maximum  rate  at  which  evaporation  might 
take  place  from  an  evaporator  is  not  easy  to  deter- 
mine, but  everyone  who  has  had  charge  of 
evaporators  or  stills  will  have  experienced  the  effect 
of  projection  of  the  liquid  from  the  still,  either  as 
a  whole  or  by  frothing  or  by  ordinary  entrainment. 
The  designer  of  the  plant,  however,  must  fix  a 
limit  to  the  rate  of  evaporation  from  the  surface 
in  his  particular  apparatus,  and  it  has  been  the 
author's  practice  to  suggest  the  figure  of  250  kg. 
per  sq.  metre  per  hour.  In  rectifying  plant,  where 
entrainment  must  be  avoided  at  all  costs,  tbis  rate 
should  not  exceed  100  kg.  per  sq.  metre  per  hour. 
These  figures  do  not  represent  the  maximum  rate 
at  which  any  apparatus  may  be  worked,  but  they 
do  give  a  convenient  design  figure. 


The  average  rate  of  evaporation  that  was 
obtained  from  a  surface  combustion  boiler  designed 
by  Michael  Longridge  at  the  instance  of  Professor 
Bone  and  tested  at  Skinningrove  Iron  Works  was 
600  kilos,  per  sq.  metre  per  hour.  In  ordinary 
evaporating  plants  projection  or  serious  entrain- 
ment may  occur  at  rates  exceeding  500  kilos,  per 
sq.  metre  per  hour. 

Mr.  H.  .1.  Pooley,  of  Messrs.  Geo.  Scott  and  Sons, 
Ltd.,  has  kindly  allowed  me  to  take  figures  from 
his  own  practice,  and  I  find  that  in  water 
evaporators  the  rate  of  evaporation  is  approxi- 
mately 215  kilos,  per  sq.  metre  per  hour.  With 
glue  liquors  the  rate  works  out  to  about  95  kilos. 
per  sq.  metre  per  hour;  with  caustic  soda  liquors 
the  rate  works  out  at  78  kilos,  per  sq.  metre  per 
hour  and  with  malt  extract  43  kilos,  per  sq.  metre 
per  hour. 

In  the  practise  of  Messrs.  Pullerton,  Hodgart 
and  Barclay,  Ltd.,  however,  for  glycerine  and 
caustic  soda  and  similar  liquors,  the  area  of  the  pan 
corresponds  normally  to  an  evaporation  of  150  lbs. 
per  sq.  foot  per  hour,  or  about  720  kilos,  per  sq. 
metre  per  hour.  In  this  case  a  very  high  vapour 
space,  is  provided  to  prevent  entrainment. 

In  that  type  of  evaporator  in  which  the  liquid 
is  forced  through  tubes  and  the  contents  of  the 
tube  are  projected  into  the  chamber  in  which 
separation  of  liquid  and  vapour  may  take  place, 
this  limitation  of  area  docs  not  arise.  In  this  type 
we  obtain  a  more  or  less  fine  spray  in  which  the 
convex  surfaces  of  the  drop  present  a  maximum 
area  and  the  best  conditions  for  vaporisation  On 
the  other  hand,  however,  frothing  of  the  liquor 
may  impose  a  working  limit. 

An  interesting  feature  about  frothing  is  the  fact 
that  there  is  generally  a  critical  rate  above  and 
below  which  the  plant  may  be  worked  without  any 
trouble  from  this  source. 

An  effective  "  save-all  "  or  arrangement  for  the 
separation  of  spray  from  vapour  makes  the 
question  of  area  of  pan  of  less  importance,  but  it 
is  always  desirable  to  measure  the  amount  of 
entrainment,  which  is  occasionally  excessive. 

In  most  commercial  plants  it  is  obvious  that  the 
limitation  of  the  rate  of  evaporation  is  mainly  a 
question  of  heat  transmission.  On  this  subject  it  is 
quite  easy  to  produce  observations  which  are 
mutually  contradictory,  unless  one  takes  into 
account  secondary  effects  which  are  neglected  and 
generally  misunderstood. 

It  is  generally  assumed  that  the  rate  of  heat 
transmission  through  any  given  surface  is  pro- 
portional to  the  temperature  drop,  and  this 
assumption  enables  the  chemical  engineer  to  make 
calculations  for  design  purposes  which  are  usually 
satisfactory  in  practice. 

It  has  been  stated  by  many  observers  that  the 
rate  of  heat  transmission  per  degree  Centigrade  of 
temperature  difference  per  unit  of  surface  increases 
with  the  temperature  drop.  On  the  other  hand, 
there  are  quite  a  number  of  observations  which 
would  suggest  that  the  rate  of  heat  transmission  is 
greater  with  small  temperature  drops. 

In  many  experimental  results  the  figures 
obtained  are  simply  measures  of  the  rate  of  supply 
of  heating  agent  to  the  apparatus,  the  capacity  of 
the  pipe-work  to  supply  steam,  etc. 

Contradictory  results  may  be  explained  by 
simple  physical  facts  that  have  been  overlooked, 
errors  in  determination  of  mean  temperature  and 
temperature  differences  etc. 

A  few  preliminary  experiments  at  the  Imperial 
College  gave  curves  of  heat  transmission  which 
could  only  be  expressed  by  a  cubic  equation.  It 
is  obvious  that  contradictory  conclusions  could 
easily  be  drawn  from  such  experimental  results   if 
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they  had  not  been  carried  far  enough  to  reveal 
their  character. 

Heat  may  be  supplied  for  evaporation  in  many 
ways.  With  hot  air  in  spray,  tank  or  other  simple 
evaporators,  we  have  an  easy  proposition,  and  we 
can  readily  realise  that  the  temperature  of  the 
liquid  can  never  be  very  different  from  the  dew 
point  of  the  hot  air  in  contact  with  it.  In  fact, 
the  evaporation  is  really  conducted  at  a  low 
temperature  as  far  as  the  liquor  is  concerned, 
although  the  temperature  of  the  heating  air  may 
be  very  high.  In  this  case,  unless  a  dry  powder 
is  to  be  produced,  there  is  much  less  risk  of  over- 
heating than  would  be  supposed. 

Other  methods  of  heating  consist  of  using  a 
direct  fire  or  flame,  hot  fluids  such  as  oil,  steam 
and.  of  course,  electrical  methods. 

A  slight  consideration  of  heating  by  steam  is  all 
that  is  possible  in  this  paper. 

It  is  mainly  found  that  the  amount  of  heating 
surfaces  is  too  great  for  a  given  purpose,  and  wise 
manufacturers  prefer  to  ensure  such  ample  heat 
transmission  and  leave  the  regulation  to  the  user. 

With  worm  heaters  excess  of  heating  surface  is 
more  common  than  with  the  tubular  heaters,  but 


After  testing]  the  orifice  is  enlarged  until  the 
desired  regulation  is  obtained. 

Xow  the  rate  ol  beat  transmission  from  Bteam 
to  boiling  liquids  is  determined  mainly  by — 

(a)  temperature   drop   and   temperature   level. 

(b)  the  velocity  of  the  liquid  and  of  the  heating 
steam. 

(c)  the  density  and  viscosity  of  the  liquid. 

(d)  the  resistance  of  the  surfaces  and  scale. 

(e)  the  resistivity  of  the  material  of  which  the 
heating  surface  is  made. 

The  work  of  Badger  and  others  in  American 
Universities  is  very  valuable  on  these  points. 

Temperature  drop. — There  is  little  doubt  that 
the  rate  of  heat  transmission  is  roughly  pro- 
portional to  the  temperature  drop;  but  since  the 
amount  of  mechanical  disturbance  bears  some 
relation  to  temperature  drop  and  temperature 
level,  and  is  limited  by  the  construction  of  the 
plant,  no  mathematical  relation  is  possible  except 
for  a  particular  design.  It  is  found  that  with  a 
particular  type  of  plant  or  at  a  particular  tempera- 
ture level,  a  certain  temperature  drop  will  give  a 
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in  both  cases,  unless  the  plant  is  in  skilled  hands, 
trouble  may  ensue  by  excessive  entrainment,  froth- 
ing or  etc. 

The  simple  device  of  fixing  a  diaphragm  (at  the 
flange  of  the  steam  valve,  preferably)  enables  one 
to  fix  the  maximum  consumption  of  steam  to  a 
reasonable  limit,  and  this  device  is  used  by  many 
to-day,  in  order  that  plants  may  be  left  in  un- 
skilled hands  without  risk.  It  is  a  well-known  fact 
that  the  flow  of  steam  through  a  circular  orifice 
is  a  maximum  when  the  ratio  of  the  pressures 
on  each  side  of  it  is  about  '58.  This  maximum 
flow  of  steam  may  be  readily  determined,  and  a 
modification  of  Napier's  formula  may  be  suggested 
for  finding  the  approximate  diameter  of  the  orifice 
for  a  given  supply  of  steam :  — 

d  =  -157/ 

where 

d  is  the  diameter  of  the  orifice  in  inches 

P  is  the   absolute   steam   pressure   in  lbs.   per 

sq.  inch. 
W  is  the  weight  of  steam  in  lbs.  per  hour. 


maximum  rate  of  heat  transmission.  At  high  tem- 
perature levels  this  drop  will  be  greater  than  at  low 
temperature  levels  and  with  high  hydrostatic  heads 
greater  than  with  low  hydrostatic  heads.  With  film 
evaporation   this  drop  is  smallest. 

Velocity  effect. — The  effect  of  temperature  drop 
and  temperature  level  is  bound  up  with  (b)  the 
effect  of  the  velocity  of  the  liquid  and  of  the 
heating  steam. 

The  effect  of  velocity  on  heat  transmission  is 
well  known,  but  exact  scientific  knowledge  is  not 
so  common. 

All  manufacturers  and  users  know  the  value  of 
"  circulation  "  and  the  problem  is  approached  in 
several  ways.  In  the  Scott  evaporator  a  good 
circulation  is  obtained  by  generous  design  of 
down-comer  tubes,  so  that  resistance  to  flow  is 
reduced.  At  the  same  time  by  keeping  the  heat- 
ing tubes  full  of  liquid,  scaling  is  avoided  as  much 
as    possible. 

The  Mirrlees  Watson  Co.,  Ltd.,  adopt  similar 
methods. 

In  the  Kestnef  evaporator,  the  generated  vapour 
acts  on   the   liquid  like  the   compressed   air  in   an 
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air-lift  pump  and  enormous  velocities  are  obtained 
over  the  heating  surfaces  so  that  a  heat  trans- 
mission of  about  3000  calories  per  sq.  metre  per 
hour  per  1°  C.  temperature  difference  is  obtained. 

The  firm  of  Prache  and  Bouillon  have  adopted  a 
mechanical  system,  and  by  means  of  a  turbine 
pump  (Fig.  (S)  in  the  base  of  the  evaporator  a 
velocity  of  about  2J  metres  per  second  is  produced 
over  the  heating  surfaces  and  a  coefficient  of  heat 
transmission   of  over  3000  obtained. 

Sidles. — The  effect  of  density  and  viscosity  of 
the  liquid  on  the  heat  transmission  will  be  obvious 
without  discussion,  but  much  experimental  work 
is  needed  on  this  point.  The  resistance  of  the 
metallic  surfaces  and  of  any  scale  formed  is  per- 
haps more  important  to  the  user  than  any  other 
point.  To  keep  clean  the  heat  transmitting  sur- 
faces of  a  plant  is  not  a  question  for  the  chemical 
engineer  only,  but  for  the  chemist  as  well.  The 
chemist  can  often  prevent  the  formation  of  a  hard 
scale  by  slight  modifications  of  the  process.  The 
chemical  engineer  in  charge  is  often  powerless, 
and  can  only  stop  for  cleaning  at  definite  in- 
tervals—with most  plants  the  best  solution  of  the 
problem  is  only  obtained  by  the  assistance  of  the 
chemist. 

Where  the  circulation  is  high  and  the  heating 
surfaces  are  well  submerged  scale  to  a  minimum 
is  produced.  It  may  be  mentioned  that  the  pre- 
sence of  fine  solids  in  a  well  circulating  evaporator 
will  often  keep  the  surfaces  clean. 

Material. — Although  the  effect  of  the  heat  re- 
sistivity and  thickness  of  the  material  of  the  heat- 
ing surface  is  much  smaller  than  the  other  factors, 
it  must  not  be  neglected.  Rates  of  heat  trans- 
mission of  over  3000  are  not  possible  except  with 
good  heat  conductors. 

Multiple  evaporation. — It  will  be  realised  that 
owing  to  the  high  latent  heat  of  water  the 
cost  of  evaporating  water  is  very  high.  By  using 
the  evaporated  steam  as  the  heating  agent  in 
another  apparatus  a  large  portion  of  this  latent 
heat  may  be  recovered  and  a  further  evaporation 
obtained,  and  so  on.  This  is  the  well-known  system 
of  multiple  effect  evaporation. 

The  heat  pump. — Early  in  the  last  century,  it 
«  as  suggested  that  by  compressing  the  evaporated 
steam,  its  temperature  could  be  raised  and  it  could 
be  used  in  the  same  evaporator  as  heating  steam. 
Siemens  tried  this  plan  in  1868,  but  on  account 
of  the  low  efficiency  of  compressors  of  his  day  the 
experiment  was  a  failure.  To-day  four  or  five 
firms  are  making  plant  on  this  principle. 

On  account  of  the  immense  improvement  in 
efficiency  of  electrically-driven  turbo-compre'ssors, 
and  also  by  the  use  of  high  pressure  steam  in- 
jector compressors,  a  considerable  amount  of 
success  has  been  obtained. 

It  will  be  realised  that  in  this  form  of  evaporation 
the  condenser  is  the  heating  surface  itself  and  is 
at  a  higher  temperature  than  the  liquid  in  the 
evaporator.  Of  course,  the  condensed  water  from 
the  heating  surface  is  used  in  a  heat-exchanger 
for  heating  the   in-coming   liquid. 

Provided  that  the  temperature  rise  is  small, 
about  5°  O.j  the  efficiency  of  the  "  heat  pump  "  is 
sufficiently  good.  By  the  turbo-compressor,  about 
10%  heat  efficiency  is  obtained  and  by  the  injector 
probably  over  twice  this  amount. 

It  is  obvious  that  on  account  of  the  small  tem- 
perature difference  (3°  C.  or  4°  C.)  the  method 
cannot  be  used  efficiently  for  concentrated  salt 
solutions  and  that  in  any  case  special  methods 
must  be  used  for  obtaining  a  high  coefficient  of 
heat  transmission.     In  the  Soderlund  and  Boberg 


evaporator  the  liquid  is  allowed  to  flow  in  a  thin 
film  down  vertical  tubes.  In  the  Prache  and 
Bouillon  evaporator,  mechanical  means  are  adopted 
to  move  the  liquid  at  a  high  speed  and  a  very  high 
coefficient  is  obtained. 

Discussion. 

Mb.  P.  Paiuusii  said  he  would  like  to  know  how 
recent  the  term  "  heat  resistivity  "  was,  because  in 
his  days  they  always  looked  at  this  question  from  the 
point  of  view  of  conductivity,  and  not  resistivity, 
but  he  could  quite  appreciate  that  the  term  "  heat 
resistivity  "  was  undoubtedly  the  correct  one.  He 
was  very  much  struck  with  the  reference  that  was 
made  in  the  paper  to  the  application  of  heat  60  far 
as  evaporation  was  concerned.  Many  of  them  had 
been  face  to  face  with  the  problem  of  the  concentra- 
tion or  evaporation  of  phosphoric  acid.  They  had 
used  lead  pans  with  lead  coils,  and  there  had  been  a 
number  of  accompanying  difficulties  in  connection 
with  a  piece  of  plant  of  that  character.  Not  only 
was  there  the  possibility  of  the  formation  of  meta 
phosphates,  but  invariably  there  was  deposition  of 
scale,  which,  in  a  few  days,  reduced  the  efficiency  of 
the  steam  coil  to  such  an  extent  as  to  render  it  a 
very  inefficient  piece  of  plant  altogether.  In  the 
heating  of  phosphoric  acid,  and  then  the  sepa- 
rating of  it,  the  use  of  hot  air  in  suitable 
piece  of  apparatus  got  over  that  difficulty 
altogether,  and,  as  Professor  Hinchley  had  pointed 
out,  it  was  possible  to  use  air  at  a  fairly  high 
temperature  and  yet  get  no  difficulty  from  the 
point  of  view  of  decomposition.  There  was  one 
other  matter  that  he  desired  to  draw  attention  to, 
and  that  was  whether  de-frothing  agents  had  ever 
been  used  in  connection  with  these  plants,  whether 
frothing  of  the  liquor  imposed  a  limit  so  far  as  the 
working  capacity  of  the  plant  was  concerned.  He 
raised  that  question  because — although  it  was  not 
quite  a  parallel  case — in  connection  with  the  produc- 
tion of  hydrochloric  acid  it  was  found  that  the  rate 
at  which  reaction  took  place  at  the  outset  was  such 
that  there  was  entrainment,  and  they  got  a  frothing 
over.  It  had  been  the  practice  for  fifty  or  sixty 
years  to  use  half  a  pound  of  tallow  in  connection 
with  a  charge  of  10  cwts.  of  salt,  when  frothing  dis- 
appeared completely.  It  seemed  to  him  that  there 
should  be  some  suitable  de-frothing  agent  capable 
of  employment  which  would  get  over  some  of  the 
difficulties  to  which  reference  had  been  made. 

Mk.  H.  J.  Poolet  said  the  author  had  stated 
a  certain  figure  for  the  rate  of  evaporation  in 
plants  working  at  the  boiling  point.  The  figure  of 
250  kilos  per  square  metre  was  given,  but  that  was 
qualified  by  the  statement  that  this  figure  could  not 
be  applied  in  all  cases.  He  did  not  think  the  author 
made  that  qualification  strong  enough.  Very  much 
depended  on  the  nature  of  the  liquor :  the  surface 
tension,  the  viscosity  and  the  specific  gravity  might 
make  that  figure  vary  enormously.  He  himself  had 
had  under  observation  a  plant  which  was  giving  as 
much  as  2700  kilos  of  evaporation  per  square  metre, 
and  the  fact  that  that  took  place  without  entrain- 
ment was  proved  to  them  quite  clearly  by  the 
demonstration  figures  that  were  called  for,  that  the 
distillate — it  was  a  distilled  water  plant — should 
have  a  purity  in  solids  of  not  greater  than  O'Ol  per 
cent.,  and  that  that  guarantee  was  carried  out.  It 
proved,  therefore,  that  with  a  liquor  which  had 
twice  the  surface  tension,  such  as  water,  the  rate 
of  evaporation  might  be  very  great  indeed.  On  the 
other  hand  they  knew  that  in  other  cases,  as,  for 
instance,  glue  liquor  or  milk,  with  a  low  surface 
tension,  that  figure  might  be  very  greatly  reduced. 
Then  again,  in  connection  with  frothing,  the 
question  of  velocity  should  be  taken  into  account ; 
the  velocity  with  which  these  particles  were  ejected 
into  the  vapour  through  space,  the  impingement  of 
these  particles  one  upon  the  other,  might  break  the 
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surface  or  film,  and  in  thai  way  not  only  increase 
the  evaporation,  but  help  to  avoid  the  loss,  because 
they  were  not  then  carried  over  by  the  velocity  of 
the  escaping  vapours. 

Speaking  with  regard  to  the  heat  pump,  Mr. 
Pooley  said  it  would  be  very  interesting  if  Professor 
Hinchley  could  give  sunn-  further  information  in 
regard  to  this,  as  it  was  rather  a  commercial  prob- 
lem. Professor  Hinchley  had  touched  upon  the  point 
of  temperature  drop,  and  stated  that  it  might,  for 
convenience,  at  any  rate,  be  said  that  the  transmis- 
sion of  heat  was  in  direct  ratio  to  the  temperature 
drop.  It  was  agreed,  he  believed,  that  the  heat 
pump  was  a  totally  impracticable  proposition  if  the 
temperature  conditions  were  increased  beyond  5  to 
8  degrees.  He  believed  5  degrees  had  been  taken 
as  a  maximum,  and  that  being  the  case,  and  taking 
the  average  conditions  under  which  one  might 
evaporate  or  exhaust  steam  to  practically  absolute 
pressure,  between  limits,  there  was  a  temperature 
difference  of  at  least  60  degrees.  Carrying  that  out 
to  its  logical  conclusion,  it  would  mean  that  one 
would  have  to  have  12  effects  in  series;  in  other 
words,  the  heat  pump  would  have  to  be  12  times 
the  size  of  any  one  of  the  effects.  That 
had  to  be  borne  in  mind  very  strongly  when 
selecting  an  evaporator  of  that  type.  There  were 
certain  circumstances,  such  as  where  one  had  a  free 
power  supply,  where  the  purely  mechanical  heat 
pump  might  have  very  strong  advantages,  because 
there  the  operation  would  cost  practically  nothing, 
and  the  fuel  figure  would  probably  outbalance  every 
other  figure. 

Mb.  A.  E.  Malpas  said  it  had  struck  him,  from 
Professor  Hinchley's  remarks,  that  the  crystallisa- 
tion curves  were  drawn  without  reference  to 
radiation  from  the  side  of  the  tank,  although  he 
confessed  he  was  not  yet  clear  about  the  formulae. 
In  crystallising  they  had  two  processes  going  on 
simultaneously.  There  was  loss  of  heat  in  the  mass 
of  the  liquor  by  evaporation  from  the  surface  of  the 
liquor,  and  there  was  also  a  relatively  large  loss  by 
conduction  through  the  sides  of  the  tank.  Perhaps 
Professor  Hinchley,  jn  his  reply,  would  say  a  little 
more  on  that  point. 

Mr.  A.  E.  Axliott  said,  with  regard  to  the 
question  of  surface  evaporation,  he  would  give  an 
illustration  of  some  of  the  factors  which  were  in- 
volved from  a  practical  example.  Taking  a  weak 
liquor  which  tended  to  foam  very  much  when  it  was 
in  a  very  dilute  state,  such  a  liquor  as  sodium  tung- 
state  and  carbonate  of  soda  combined  in  a  very  weak 
solution,  it  was  sometimes  found  that  it  tended  to 
boil  off  even  when  the  boiling  was  very  gentle.  A 
certain  amount  of  bubbles  formed  on  the  surface, 
and  these  bubbles  accumulated,  and  one  had  to  go 
very  steadily  until  one  had  got  a  certain  amount  of 
concentration,  when  that  trouble  disappeared  and 
did  not  occur  again.  In  carrying  out  such  an  opera- 
tion he  had  had  rather  an  interesting  experience. 
He  was  dealing  with  a  weak  liquor,  with 
ordinary  exhaust  steam  and  quite  a  low  vacuum, 
such  as  12  to  15  inches.  He  found  that  he  could  not 
concentrate  at  all,  but,  taking  steam  at  a  much 
lower  pressure  and  increasing  the  vacuum  to 
28  inches,  he  got  a  thorough  circulation  and  a  big 
breaking  up  of  the  surface  of  the  liquor,  and  the 
steam  coming  away,  with,  he  supposed,  a  much  more 
explosive  effect.  At  any  rate,  much  more  disturb- 
ance of  the  liquor  surface  was  caused,  and  even  with 
that  same  liquor,  which,  under  the  other  conditions 
that  he  had  mentioned,  foamed  very  badly,  he  could 
evaporate  quite  rapidly  and  get  a  sufficient  amount 
of  concentrated  liquor  to  start  the  plant  going  in 
the  ordinary  way.  Mr.  Parrish  had  enquired 
whether  there  was  any  medium  by  which  foam- 
ing could  be  prevented.  He  did  not  know  that 
there  was  anything  he  would  like  to  recommend 
anyone  to  use  in  the  ordinary  form  of  evaporator, 


because  things  that  might  prevent  foaming  had 
some  drawbacks  in  other  directions.  In  Canada, 
where  they  evaporated  maple  sugar  solutions  in 
open  shallow  pans,  they  had  this  little  dodge.  They 
tied  a  stick  on  to  a  string,  and,  on  the  point  ol  the 
sink,  they  placed  a  piece  of  mutton  or  bacon  fat, 
and  brought  this  to  a  point  above  the  centre  of  the 
pan.  They  then  put  the  lire  under  the  pan  and  left 
it.  In  due  course  the  liquor  started  to  boll,  and 
the  bit  of  fat  melted  and  formed  a  film  across  the 
liquor,  and  foaming  promptly  disappeared.  He  had 
heard  of  tallow  being  used  to  stop  foaming  in  an 
evaporator,  but  he  would  not  be  happy  in  recom- 
mending it.  With  regard  to  transmission  through 
tubes,  he  thought  it  was  quite  certain  that  as  the 
heat  drop  across  the  tube  increased  they  did  not 
of  necessity  get  a  proportional  evaporation.  There 
were  so  many  factors  to  be  taken  into  account  that 
it  was  difficult  to  make  an  ex  cathedra  statement  to 
■cover  everything,  but  it  seemed  that  one  could  get  a 
comparatively  low  temperature  drop  which  would 
give  almost  as  rapid  an  evaporation  as  was  obtain- 
able with  a  very  high  one.  That  low  temperature 
drop,  however,  was  not  of  the  order  of  5°  C,  as 
was  suggested  in  the  paper  for  the  heat  pump.  One 
factor  which  ought  to  be  mentioned  was  the  use  of 
very  long  tubes  full  of  liquor,  when  they  had  got  a 
high  vacuum  on  one  side  and  the  steam  itself  was 
well  below  atmospheric  pressure.  Then,  of  course, 
they  had  to  take  into  account  the  fact  that  the 
vacuum  was  affected  by  the  head  of  the  liquor  in 
the  tubes,  and  unless  they  were  careful  to  watch  that 
the  lower  portion  of  the  tubes  might  not  be  able  to 
give  any  boiling  effect  at  all ;  in  fact,  it  was  reduced 
to  a  mere  transmission  of  heat  from  steam  to  liquor 
which  was  not  at  its  boiling  point,  and  was  very 
ineffective ;  in  fact,  it  might  be  said  that  the  bottom 
portion  of  such  tubes  was  doing  no  work  at  all. 
Then  one  came  to  the  question  of  air  elimina- 
tion, which  was  a  very  important  factor.  If 
air  remained  in  the  heating  surface  on  the  steam 
side  they  were  not  getting  the  temperature  which 
was  due  to  the  pressure  shown,  and  the  efficiency 
of  the  evaporator  might  be  cut  down  in  consequence. 
He  thoroughly  agreed  with  Professor  Hinchley  when 
he  said  that  the  heat  transmission  through  the 
material  of  the  tubes  themselves  was  perhaps  the 
least  of  the  resistances  which  the  heat  had  to  over- 
come. The  surface  effect  was  big,  and,  of  course, 
they  were  always  up  against  the  fact  that  if  they 
had  any  fat  or  grease  or  oily  substance  in  the  liquor 
which  was  being  evaporated,  or  if  there  were  in 
the  solution  any  substance  capable  of  forming  a  film 
and  which  tended  to  lower  the  surface  tension,  then 
this  substance,  both  by  the  ordinary  law  of  surface 
energy  and  also  by  the  law  of  the  general  contrari- 
ness of  inanimate  substances,  would  act  on  the 
heating  substance  and  cause  scaling  to  occur. 

Dr.  L.  F.  Goodwin  said  he  had  been  engaged  as  a 
chemist  for  two  years  in  a  very  large  Canadian 
paper  pulp  works,  studying  the  problem  of  evapora- 
tion and  general  efficiency.  He  had  found  that 
the  efficiency  of  many  of  the  quadruple  effect 
evaporators  was  cut  down  enormously  by  frothing. 
There  were  cases,  in  California,  of  potash  evapora- 
tion which  took  14  hours  to  work  off  a  certain 
quantity,  but  by  eliminating  frothing,  by  means  of 
a  defrothing  agent,  that  time  had  been  reduced  by 
4  hours,  and  a  good  deal  could  be  done  in  that 
way.  It  was  not  much  good  having  an  evaporator 
which  would  do  three  or  four  times  what  it  was 
actually  doing  by  eliminating  frothing.  Referring 
to  the  heat  pump,  he  had  found  that,  in  spite  of 
extraordinarily  cheap  electrical  power,  it  was  not 
going  to  pay  to  use  this  apparatus,  although  he  had 
heard  of  three  or  four  plants  which  were  working 
successfully.  He  hoped  Professor's  Hinchley's  ex- 
periments would  give  some  accurate  figures  on  the 
point. 
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The  following  letter  was  received  a<  tlie  meeting, 
and  the  Chairman  stated  it  would  appear  in  the 
printed  record  :  — 

••  Referring  to  the  heal  pump,  in  the  '  P  and  15 
Evaporator,  the  form  of  injector  compressor  used  is 
such  that  a  temperature  rise  of  IS0  C.  can  lie 
obtained  if  the  design  makes  it  necessary,  and  at 
tins  figure  the  efficiency  of  the  thermo compressor, 
as  n  i>  called,  has  still  a  very  considerable 
advantage  over  any  mechanical  type  of  compressor. 
With  this  temperature  rise  it  is  possible  with  suit- 
able design  to  instal  as  many  as  nine  effects,  each 
working  with  a  2°  C.  temperature  drop,  and  with 
the  ninth  effect,  of  course,  working  under  atmo- 
spheric pressure.  In  an  experimental  apparatus  so 
constructed  a  total  evaporation  of  12  lb.  of  gained 
water  per  lb.  of  live  steam  used  has  been  obtained. 

"  In  an  ordinary  single  effect  plant  where  the 
tubular  element  is  of  necessity  both  condenser  and 
heating  surface,  the  firm  handling  the  '  P  and  B 
Evaporator  are  always  prepared  in  the  case  of 
water  distillation  to  guarantee  that  4J  lb.  of  water 
will  be  evaporated  per  lb.  of  live  steam  used.  This 
result  is  comparable  with  the  output  of  any  quad- 
ruple effect  evaporator  working  from  the  atmo- 
spheric pressure  downwards,  and  the  gain  in  first 
cost  and  space  occupied  is  evident. 

"It  is  not  possible  to  define  a  successful  evaporator 
without  some  reference  to  its  non-scaling  properties, 
and  unless  a  plant  can  be  manufactured  and 
operated  so  that  scale  is  positively  prevented  from 
forming  on  the  heating  surface  no  output  figures 
based  on  tests  carried  out  in  the  clean  state  are  of 
much  interest  to  the  user. 

"  The  writer's  experience  is  that  the  proper 
solution  of  this  difficult  question  is  to  be  found  by- 
adopting  rapid  turbulent  circulation  and  controlled 
ebullition  with,  in  a  few  cases,  the  addition  to  the 


circulating  liquid  of  an  accurately  measured 
quantity  ol  chemically   innocuous  abrasive  matter. 

"  In  the  '  P  and  B'  plant  speetls  of  circulation 
even  greater  than  those  mentioned  by  Professor 
Hinchley  are  obtained  by  means  of  the  special  con- 
struction illustrated  in  the  paper,  and  while  a 
co-efficient  of  heat  transmission  of  :i<XH>  is  used  for 
design  purposes,  figures  considerably  in  excess  of 
this  have  been  observed  under  test  conditions." 

Professor  Hinchley,  replying  to  the  discussion, 
6tated  he  had  adopted  "  heat  resistivity"  instead 
of  "  heat  conductivity  "  as  a  basis  of  discussion 
because  one  added  resistivities,  and  the  calculation 
became  simple.  On  the  question  of  entrainment, 
3  per  cent,  was  quite  common,  and  1  per  cent,  was 
a  regular  tiling. 

He  congratulated  Mr.  Pooley  on  the  result  he 
had  obtained.  He  was  quite  sure  that  Mr. 
Malpas's  method  of  putting  down  a  few  plants  and 
finding  out  what  happened  was  a  method  which  the 
consulting  chemical  engineer  dare  not  adopt.  He 
had  to  state  exactly  how  much  work  the  plant  would 
do  before  it  was  made,  and  what  the  formula?  in 
the  paper  provided  was  a  means  of  knowing  what 
was  going  to  happen  without  carrying  out  these 
experiments.  The  curves  and  the  formulae  in  the 
paper  were  an  attempt  to  enable  them  to  find  out 
the  number  of  crystallising  tanks  required  for  a 
given  job. 

With  regard  to  air,  he  might  mention  that  air 
was  heavier  than  steam  at  the  same  temperature, 
and  that  the  proper  place  to  let  the  air  out  was 
generally  near  the  bottom  and  not  near  the  top  of 
a  vessel. 

The  whole  object  of  the  paper  was  to  instil 
accuracy,  consistent  with  cost. 

On  the  motion  of  the  Chairman,  a  hearty  vote  of 
thanks  was  accorded  the  author  for  his  paper. 


The  final  paper  of  the  Conference  was:  — 

HISTORICAL    DEVELOPMENT    OF 
DISTILLATION    OF   GLYCERIN. 


By  T.  H.  GRAY. 


The  object  of  this  paper  is  to  present  a  short 
account  of  the  development  of  the  manufacture 
of  glycerin  in  general,  with  an  account  of  Scott's 
glycerin  plant  in  rather  more  detail. 

Turning  to  the  early  history  of  the  subject  we 
find  Scheele— 1779— mentions  the  "  sweet  principle 
of  fats  "  obtained  by  him  by  digesting  lead  oxide 
with  olive  oil,  the  liquid  product  being  glycerin 
in  a  dilute  impure  form. 

Chevreul  by  his  classic  researches  on  oils  and  fats, 
in  the  period  between  1813—1823,  systematised  the 
chemistry  of  the  subject  considerably.  About  this 
time  glycerin  was  prepared  solely  by  Scheele's 
method,  incidentally  being  a  substance  only  of 
scientific  interest,  having  little  or  no  practical 
value. 

There  were  various  methods  given  for  prepar- 
ation of  glycerin,  but  more  often  they  relied  on 
alcoholic  extraction  of  the  liquid  obtained  by 
Scheele's  process,  soap  lyes  and  fat-splitting  not 
as  yet  being  known.  Curiously  enough,  we  may 
note  in  passing  that  at  this  early  stage  charcoal 
was  often  used  for  decolorising  the  weak  glycerin 
thus  produced. 

Cap's  process  was  the  first  variation  used  for 
glycerin  production  about  1830-1840.  He  used 
the  liquors  from  the  lime  saponification  of  tallow 
in  candle  manufacture.  After  appropriate  treat- 
ment, the  neutralised  liquor  was  carefully  evap- 
orated and  then  passed  through  bone  charcoal, 
when  a  more  or  less  pure  glycerin  resulted. 

Tilghmann,  about  1854,  passed  an  emulsion  of 
fat  and  steam  through  pipes  of  iron,  or  copper,  at 
a  temperature  of  600°  F.  (365°  C).  He  obtained 
a  glycerin  liquor,  which,  after  treatment,  as  in 
Cap's  process,  gave  a  fair  product,  relatively 
speaking. 

G.  F.  Wilson,  of  Price's  Candle  Company,  also 
in  1854,  by  his  patent  No.  1624,  made  the  first 
notable  advance  in  glycerin  production  by  actually 
distilling  candle  works  "  sweet  liquor."  Fire- 
heated  copper  stills  were  used,  of  a  capacity  of 
10-30  cwt.  of  crude  glycerin,  with  air  condensers. 
For  the  purest  glycerin  the  condensers  were  silver- 
plated.  There  were  big  losses  in  this  process  owing 
to  the  high  temperature  used,  there  being  a  lot  of 
steam  exhaust,  not  condensed,  containing  glycerin. 
Nevertheless,  as  we  shall  see,  this  type  of  plant, 
with  variations,  persisted  till  the  introduction  of 
modern  steam-heated  vacuum  stills. 

Again  in  1855,  Patent  No.  301,  Wilson  and 
Payne  improved  the  process.  Steam  was  passed 
through  weak  candle  liquor,  concentrated  in  the 
still  to  sp.  gr.  1'5  by  fire,  until  all  volatile  acid 
substances  were  removed.  The  temperature  was  then 
raised,  and  superheated  steam  freely  admitted 
(thus  excluding  air  as  far  as  possible),  when 
glycerin  distilled  above  about  340°  F.  (170°  C), 
tne  best  results  being  obtained  at  about  370°  F. 
(190°  C).  They  claimed  a  high  degree  of  purity 
for  their  distillate,  especially  after  treatment  with 
charcoal,  and  no  doubt  they  were  justified.  About 
this  time  glycerin  began  to  be  of  some  interest  and 


importance    in    the    arts   and    manufactures,    and 
consequently  became  much  more  sought  after. 

The  patent  of  E.  T.  Hughes  calls  for  little  com- 
ment, being  No.  1459  of  1859,  except  that  he 
specified  the  use  of  a  lead-lined  vessel  as  still,  and 
condensed  the  vapours  in  a  refrigerator. 

The  next  step  of  importance  was  so  late  as 
1881.  F.  J.  O'Farrell  patented  the  use  of  vacuum 
and  pump  for  distillation,  together  with  steam  at 
200°  C,  using  soap  lye  crude  in  the  still.  This 
lye  was  no  doubt  substantially  soap  crude  as  we 
know  it  to-day,  except  for  purity.  Most  likely  it 
would  be  open  pan,  fire-heat  concentrated,  and 
fairly  impure.  Nevertheless,  this  process  marks  a 
distinct  advance,  for  in  addition  to  using  a 
vacuum,  he  provided  two  sets  of  receivers  connected 
by  a  vacuum  break  cock,  thus  allowing  of  con- 
tinuous distillation. 

We  now  enter  a  period  of  some  activity  from 
the  point  of  view  of  design  of  apparatus.  The 
use  of  nitro-glycerin  in  blasting,  railway  making, 
and  kindred  objects,  together  with  the  rapidly 
extended  use  of  glycerin  in  the  arts  no  doubt 
supplying  the  necessary  stimulus. 

Following  closely  on  the  previous  patent  came 
W.  Clark,  of  1881,  No.  5384.  He  also  used  vacuum 
and  pump,  but  moreover  insisted  on  vacuum  being 
maintained  as  high  as  possible  during  distillation ; 
claiming  a  glycerin  of  sp.  gr.  1'260  against  the 
best  then  obtainable  of  1T60.  As  he  used  a  set 
of  column  condensers  in  series,  it  is  difficult  to  6ee 
how  the  patentee  got  quite  all  he  claimed,  as 
fractional  condensation  would  occur  in  the  series. 

The  next  item  of  interest  is  G.  Payne's  patent 
of  1882,  No.  203 ;  who  used  a  steam  superheated 
condenser,  temperature  150° — 200°  C,  thus  obtain- 
ing glycerin  of  a  high  gravity,  the  water  vapour 
passing  well  forward  in  the  condensers. 

O'Farrell  again  came  on  the  scene  with  a  patent 
in  1883,  No.  1584,  which  was  substantially  a  com- 
bination of  Clark's  and  Payne's  ideas,  using  a 
similar  plant  with  steam-heated  condenser  at  about 
100°  C. — otherwise  there  is  no  point  of  interest 
to  mention. 


Clark's  Still. 


Again  we  meet  with,  in  A.  M.  Clark's  patent 
of  1884,  No.  13,925,  who  used  a  complicated  system 
of  combined  distillation  and  evaporation,  a  big 
plant  with  no  particular  interest  except  that  a 
barometric  column  was  included  in  a  design  for 
the  first  time.  That  and  the  small  attempt  to 
conserve  steam  energy  are  the  features  mainly 
observed. 
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A.  G.  Brookes  next  in  1885  (patent  No.  .~>:SS2) 
used  a  quit©  good-looking  design  with  two  pans, 
specifying   tlie  product   in   the  second  pan   "  frac- 


As  a  matter  of  general  interest  I  may  mention 
the  large  plant  at  Gretna,  put  up  by  the  Govern- 
ment during  the  war,  was  of  Van  Ruymbeke's 
design,  erected  I  believe  under  his  personal  super- 
vision. 


Distillation  figures  on  Van  Ruymbeke  plant. 
Still  charge  =  149-20  at  82-8%  Glycerol  =  123-5  at  100%. 


Brookes'  Still. 

tion  "  to  be  fit  for  nitro-glycerin  production. 
Brookes  evidently  used  a  small  still,  as  he  distilled 
a  charge  at  one  operation,  and  had  the  pans  big 
enough  to  contain  the  total  distillate.  Another 
item  of  interest  as  showing  the  trend  of  thought 


Distillate. 

Cwt. 

Glycerol 
content. 

■   /o 

Final  yield. 

0/ 

/o 

Strongs    . .         . .             108-5 
We:.ks     ..         ..             138-0 
Foots       . .         . .               23-0 

97-5 

9-2 

14-2 

85-7 
10-3 
2-6 

Total  yield  =  98-6. 


Loss  =  1-4. 


Van  Ruymbeke's  Still  and  Superheater. 


As  his  original  design. 

of  this  time,  is  his  specially  designed  condenser  to 
hold  back  as  much  glycerin  vapour  as  possible.  At 
this  time  attention  was  directed  to  the  question 
of  efficiencies,  costs  and  yields. 

Apparently  the  impetus  of  inventive  effort  had 
spent  itself  for  a  period,  and  a  "marking  time" 
resulted  while  various  of  the  plants  we  have  so  far 
considered  were  being  used. 

The  next  step  to  notice  is  the  patent  of  the 
Belgian  chemical  engineer  Van  Ruymbeke,  dated 
1893,  No.  24,456,  and  two  subsequent  patents 
taken  out  in  conjunction  with  W.  F.  Jobbins  in 
1894  and  1896,  and  numbered  respectively  12,367 
and  20,982.  The  first-named,  No.  24,456,  contained 
the  master  idea,  and  the  patentee  used  a  high- 
pressure  steam  coil  for  still  heating,  doing  away 
with  direct  fire  altogether.  This,  together  with 
the  use  of  expanded  reheated  steam  for  the  actual 
distillation,  marked  a  really  notable  advance  in 
design.  By  these  means  the  decomposition  of 
glycerin  was  largely  obviated,  and  though  the 
free  steam  was  at  a  low  pressure,  it  was  as  hot  as 
the  steam  in  the  heating  coil  of  the  still  proper. 

The  two  other  patents  above  mentioned  were 
only  modifications  in  detail,  and  the  only  note  of 
interest  was  contained  in  a  specific  mention  of 
the  way  in  which  to  eliminate  glycols  by  a  prelim- 
inary operation  at  lower  temperatures. 

It  is  hardly  necessary  to  mention  that  Van 
Ruymbeke  also  used  a  high  vacuum,  working 
pressure  being  about  28  in.  of  mercury,  or  even  a 
shade  higher. 


Sectional  elevation  of  present-day  apparatus. 

The  next  plant  to  be  noticed  is  Scott's  patent 
of  1899,  No.  15,159,  which  combined  features  of 
both  the  old  types  and  the  new.  His  still,  though 
set  over  a  fire,  received  only  a  little  heat  there- 
from, but  was  mainly  heated  by  a  superheated 
steam  coil  placed  round  the  still  bottom.  The 
cooling  battery  was  of  long  vertical  air-cooled 
pipes  with  receivers  attached,  and  a  tubular  con- 
denser, preferably  supplied  with  weak  glycerin 
liquor,  this  becoming,  therefore,  somewhat  concen- 
trated during  the  operation  of  distilling.  As  this 
is  a  plant  with  which  I  am  familiar.  I  propose  to 
describe  some  of  its  working  in  detail. 

To-day  we  use  a  modification  of  the  original 
plant.  A  still  of  the  usual  design  is  set  over  a 
Hue,  well  back  from  direct  flame  heat,  which  same 
fire  heats  a  superheater  coil  for  steam.  This 
steam  is  led  into  the  still  by  a  large  heating  coil 
of  pipe,  eventually  terminating  in  a  length  of 
perforated  pipe,  with  steam  outlet  holes  about  Jin. 
in  diameter.  By  this  means  the  crude  is  mainly 
heated,  and  a  very  small  amount  of  thermal  de- 
composition occurs.  The  crude  is  fed  in  continu- 
ously during  distillation,  a  charge  being  approx- 
imately 6  tons  for  a  first  operation.  The  still  is 
provided  with  a  catch  vessel  of  the  usual  type 
for  entrainment  or  priming. 

We  are  able,  by  means  of  the  fractional  con- 
densers used,  to  obtain  good  strong  glycerin,  fit, 
after  concentration,  for  dynamite,  on  the  first 
four  columns  and  receivers,  whilst  the  last  three 
columns  give  weaks — or  rejects,  from  2°  Tw.  to 
14°  Tw.,   depending    on    local     conditions    at   the 


Ills 
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moment.  Tliese  weaks  are  again  distilled  after 
concentration,  and  give  a  distillate  fit  for  com- 
mercial glycerin.  A  final  tubular  water  condenser 
ensures  only  steam  going  forward  through  the 
barometric  condenser  and  pump.  Steam  from  the 
superheater  coil  is  adjusted  by  a  regulator  valve 
tu  61b.  pressure,  and  a  temperature  of  250°  C. 
vacuum  being  28in.  of  mercury,  maintained  by 
Scott's  wet  type  pump,  the  still  temperature  being 
L80°  C. 

Dynamite  glycerin  from  this  plant  was  actually 
the  first  batch  nitrated  at  Gretna  during  the  war, 
with  very  satisfactory  results,  and  during  the 
whole  of  the  war  yielded  glycerin,  once  distilled, 
which  satisfied  Nobel's  21d  Specification. 

In  passing  it  is  worthy  of  notice  that  the  quality 
of  soap  lye  crude  supplied  to  the  still,  has  a  marked 
effect  upon  the  products  and  .yields  of  distillation. 
For  instance,  we  have  had  no  troubles  with 
trimethyleneglycol  in  the  distillate  owing  to  our 
crude  being  of  exceptional  quality  for  a  soap  lye 
crude. 

The  foots  left  in  the  still  after  all  good  glycerin 
has  passed  over,  are  washed  out,  treated  and  con- 
centrated to  crude,  and  this  material  is  separately 
distilled  when  a  sufficient  quantity  has  accumu- 
lated. This  "  foots  crude  "  yields  about  60  per 
cent,  on  being  re-distilled  as  a  separate  charge. 

Using  our  average  crude,  having  glycerol  I.S.M. 
82'80  per  cent.,  ash  9"85  per  cent.,  organic  residue 
210  per  cent.,  sp.  gr.  T3016,  we  obtain  a  yield  of 
approximately  96  per  cent,  throughout  a  year.  On 
small  runs  as  high  as  97  per  cent,  and  97.5  per 
cent,  has  been  realised. 


rgSffil 


An  early  Scolt  plant. 

Discussing  yields  I  would  like  to  quote  an  ex- 
pression of  opinion  given  to  me  by  one  of  our 
leading  chemical  engineers: — "Short  period  tests 
on  any  chemical  plant  do  not  carry  any  great  con- 
viction, however  good  the  figures.  Long  period 
tests  carry  all  sorts  of  minor  handicaps,  as  men's 
carelessness,  bad  materials,  works'  mishaps,  stop- 
pages, etc.,  and  it  is  very  rare  for  them  to  show 
as  good  figures  as  those  taken  on  test  when  all  are 
on  the  alert,  and  conditions  are  of  the  best." 


Scott's  "Neiv"  St  til. 

So  far  we  have  only  considered  once-distilled 
or  commercial  glycerin.  A  very  important  branch 
of  glycerin  distillation  is  the  manufacture  of 
chemically  pure  quality.  This  is  usually  attained 
by  a  double  distillation,  or,  as  some  works  prefer, 
even  a  third.  This  quality  represents  the  height  of 


Sectional  elevation  of  complete  Garrigues  plant. 

excellence  in  glycerin  distillation,  it  being  colour- 
less, odourless,  free  from  salts  of  metals  (as  iron, 
copper  or  lead),  and  containing  as  little  as  00050 
per  cent.  CI.  Last,  but  not  least,  there  should  be 
a  very  low  figure  for  arsenic,  the  present  official 
limits  being  four  parts   per  million,   according  to 


Elevation  of  three  Wood  Stills  in  series  according  to  his 
original  design,  forming  one  self-contained  unit. 
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The  British  Pharmacopoeia.  Incidentally  it  is 
highly  probable  that  the  arsenic  present  in  such 
small  ratio  as  we  have  mentioned,  distils  over  in 
the  form  of  a  glyceryl  ester,  probably  as  glyceryl 
arsenite — simple  distillation  not  being  sufficient  to 
eliminate  arsenic  completely.  The  further  treat- 
ment of  the  doubly  distilled  material  for  pure 
glycerin  is  rather  apart  from  distillation,  though 
full  of  interest,  particularly  as  regards  quick 
removal  of  colour  by  means  of  charcoal  of  various 
types.  As  already  mentioned,  animal  charcoal 
was  formerly  used  for  decolorising,  and  is  used 
to-day  together  with  various  other  decolorisers. 

The  next  plant  to  consider  is  that  of  W.  E. 
Garrigues  of  1905,  No.  24,100.  This  apparatus  has 
a  novel  steam  superheater,  the  hot  vapours  from 
the  still  passing  round  a  combined  condenser  and 


Detailed  section  through  one  Wood  Still  and  Condenser. 

superheater,  the  still,  condensers,  and  concen- 
trators being  one  self-contained  unit.  It  is  a 
fairly  complicated  design,  and  requires  careful 
working  to  get  the  best  results  in  distillation, 
though  at  the  same  time  is  economical  in  heat 
energy   consumption. 

Another  very  modern  type  of  plant  is  that  of 
F.  J.  Wood,  in  patents  1907,  No.  21,658,  and 
1913,  No.  24.920.  This  plant  is  even  more  intricate 
than  any  other  we  have  considered,  and  the  main 
new  idea  in  it  is  to  work  from  one  to  as  many  as 
six  stills,  with  one  jet  of  steam.  The  free  steam 
in  this  case  actually  meets  with  a  spray  of  glycerin 
from  the  upper  portion  of  the  still,  thereby  carry- 
ing forward  glycerin  vapours,  which  pass  on  to 
the  condenser.  This  condenser  is  so  designed  as 
to  be  a  tubular  hot  water  system  in  the  upper 
portion,  the  lower  being  a  simple  catchall.  The 
result  is,  in  brief,  that  glycerin  vapour  is  con- 
densed while  the  water  vapour  passes  through  the 
hot  tubular  part,  to  supply  steam  to  another  still 
iu  the  series.     This  plant  shows  the  greatest  econ- 


omy  in  steam   consumption  of  any   we  have  seen, 

though  this  can  only  be  attained  by  very  careful 
working  and  supervision.  In  this  connection 
I  would  like  to  quote  some  comparative 
figures  from  the  chapter  on  "  Glycerin  dis- 
tillation," by  Lieut. -Col.  Briggs,  D.S.O.,  in 
Dr.  Young's  latest  volume,  "Distillation 
Principles  and  Processes,"  and  to  acknow- 
ledge, with  pleasure,  much  valuable  criticism  and 
figures  obtained  therefrom.  He  quotes  the  relative 
fuel  efficiencies  of  the  Van  Ruymbeke,  Garrigues 
and  Wood  stills  respectively  as  lb'.  14,  and  l!i  of  coal 
for  one  ton   of  once   distilled   glycerin. 

As  the  final  development  in  glycerin  distillation 
we  may  very  briefly  consider  the  idea  propounded 
by  the  "  Societe  Francaise  des  Glycerines,"  in  No. 
125574  of  1919.  This  plant  is  so  designed  as  to 
work  without  the  use  of  free  steam.  Crude  glycerin 
at  a  temperature  of  180°  C.  is  passed  in  an 
atomized  state  from  one  vessel,  by  means  of  suit- 
able jets,  to  another  vessel  or  still  of  higher 
vacuum.  Steam  coils  maintain  the  temperature 
about  180°  C,  and  condensers  and  pump  are  used 
as  necessary.  We  have  no  practical  details  of  this 
plant,  but  it  is  evident  the  idea  is  very  ingenious, 
though  at  the  same  time  there  are  some  very  ob- 
vious troublesome  conditions  involved,  as  for  in- 
stance choking  of  jets  and  removal  of  the  solid 
residues. 

7 Hstillation  figures  /<</■  Wood's  Still. 

Still  charge=  100  tons  crude  at  80%  =80  tons. 


Quality. 


Amount. 


Glycerol 
content. 


Yield 


Strongs    . . 

69-5 

990 

86 

Weaks 

7011 

5-71 

5 

Foots 

18-0 

400 

9 

Broadly  speaking,  we  may  summarise  the  pro- 
gress made  in  glycerin  distillation  as  having  gone 
along  the  following  lines:  — 

(1).  By  actual  improvement  in  design  of  appara- 
tus from  an  engineering  standpoint. 

(2).  Glycerin  of  to-day  is  practically  a  pure 
standard  substance,  in  so  far  as  a  commercial 
material  may  be. 

(3).  To-day,  as  distinct  from  the  earlier  times, 
efficiency  and  economical  use  of  energy  are  the 
points  aimed  at  by  our  chemical  engineers  and  de- 
signers. 

.In  conclusion,  my  best  thanks  are  due  to  Mr. 
Henry  Simpson,  General  Manager  of  Gerard 
Brothers,  Ltd.,  for  his  great  help  during  the  pre- 
paration of  this  paper. 

Discussion. 

Mr.  H.  J.  Pooley  said  this  was  a  very  interesting 
account  of  the  different  apparatus,  and  knowing 
Mr.  Gray  as  an  expert  in  the  handling  of  this 
subject,  he  would  be  glad  if  he  would  give  them  a 
little  more  enlightenment.  He  would  pass  over  the 
question  of  fuel  efficiency  in  plants  of  this  kind, 
because  in  the  worst  of  such  plants  the  fuel  cost  was 
relatively  unimportant.  They  were  dealing  with  a 
material  iu  which  the  finished  product  was  never, 
under  any  conditions,  less  than  £80  a  ton,  and  the 
question  of  2  or  3  cwt.  of  fuel  was  therefore 
relatively  unimportant.  What  did  matter  was  the 
question  of  yield  and  purity  and  rehandling,  and 
he  would  like  the  author  to  say  if  he  had  any 
information  in  regard  to  the  particular  form  in 
which  one  of  the  worst  impurities  in  the  distillate — 
viz.,  chloride,  appeared,  and  whether  sodium 
chloride  was  carried  over  by  entrainment,  or 
whether  it  was  carried  over  by  sublimation.  He 
himself  bail  noticed   that  he  got  chlorides  down   in 
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the  earlier  condensers  and  the  arsenic  in  the  latest 
or  weaker  condensers.  The  author  had  stated  that 
the  arsenic  came  over  as  a  glycerol  ester,  and  that 
would  probably  explain  the  tact  of  it  condensing  at 
the  lower  temperatures.  He  would  also  like  to 
know  if  the  author  could  give  some  figures  as  to  the 
point  at  which  the  loss  occurred;  whether  he  had 
examined  the  foots  to  see  the  proportion  of  glycerin 
which  remained  as  glycerin,  and  the  amount  that 
was  destroyed  actually  in  the  distillate  and  which 
he  supposed  passed  over  as  acrolein,  and  the  amount 
that  passed  away  in  the  final  condensing  water  in 
the  jet  or  barometric  condenser.  That  was  a  point 
of  interest  to  designers.  He  would  also  like  to  know 
if  the  author  had  figures  with  regard  to  the  relative 
loss  on  the  first  and  second  distillations,  in  dealing 
with  soapmaker's  crude,  which  contained  10%  of 
salt,  in  which  case  the  loss  in  the  foots  was  likely  to 
be  greater.  He  himself  had  noticed  that  in  dealing 
with  saponification  crude,  i.e.,  crude  from  the 
splitting  of  oils  other  than  by  saponification,  a  dis- 
tillate giving  a  yield  of  98%  was  usually  obtained, 
and  that  would  seem  to  indicate  that  the  loss  on  the 
second  distillate  was  comparatively  small.  If  the 
author  could  deal  with  these  points  he  would  be 
extremely  obliged. 

Mb.  P.  Parkish  said  the  only  point  he  wished  to 
raise  was  the  question  of  the  application  of  oil. 
It  seemed  to  him  that  the  distillation  of  glycerin 
was  essentially  a  distillation  that  ought  to  be  done 
by  means  of  the  application  of  hot  oil  which  was  re- 
circulated, and  he  wondered  whether  the  author  had 
considered  that  question.  In  connexion  with  all 
these  complex  organic  bodies,  where  one  was  anxious 
to  avoid  decomposition,  one  reverted  almost 
intuitively  to  the  question  of  the  use  of  hot  oil  and 
recirculation  in  order  to  obtain  something 
approaching  an  efficiency.  Certainly  he  had  been 
struck  with  the  antiquated  nature  of  the  apparatus 
and  the  fact  that  a  coal  fire  was  used  in  connexion 
with  the  distillation  of  glycerin  compounds  and 
compounds  of  that  character  under  conditions  where 
it  was  very  difficult  to  control  the  local  temperature, 
and  it  seemed  to  him  that  the  use  of  hot  oil  and  re- 
circulation would  reduce  the  complication  of 
glycerin  distillation. 

Prof.  J.  W.  Hinchley  congratulated  the  author 
on  having  presented  a  very  interesting  paper,  but 
he  would  like  to  suggest  that  in  the  paper  as  finally 
printed  he  should  expand  some  of  the  practical 
points.  It  was  obvious  that  in  the  distillation  of 
glycerin,  a  very  high  vacuum  was  employed.  In 
one  case,  the  author  stated  that  a  vacuum  of 
28  inches  was  employed.  He  understood  that  13  or 
14  mm.  was  quite  common  with  superheated  steam 
injected  at  the  same  time.  The  function  of  the 
superheated  steam,  he  judged  from  one  of  the 
patents  referred  to  in  the  paper,  was  obviously  that 
of  simply  supplying  heat  to  the  still.  The  question 
raised  by  Mr.  Parrish,  of  the  use  of  hot  oil,  was  a 
point  in  this  connexion.  He  would  like  to  know  if 
the  author  had  had  any  experience  of  the  jet 
apparatus  described  in  one  part  of  the  paper,  and 
whether  this  was  a  common  method  and  what  was 


the  function,  because  in  many  of  these  apparatus 
what  was  used  for  one  purpose  in  one  case  was  used 
lor  another  in  others.  In  this  particular  case,  he 
understood  it  was  not  the  wet  distillation  of 
glycerin,  and  that  the  steam  was  used  simply  to 
provide  heat.     Was  that  so? 

Mr.  Gray  :  Replying  generally  to  the  discussion, 
the  author  said  that  a  short  time  ago  there  had 
been  a  disastrous  fire  at  his  works  which  destroyed 
the  records  of  15  years  of  glycerin  manufacture 
He  had  found  a  few  sheets  in  clearing  up  the  debris, 
and  from  these  he  might  be  able  to  get  a  lew 
figures  which  would  answer  the  points  raised  by  Mr. 
Pooley.  He  agreed  that  the  question  of  fuel 
efficiency  was  not  of  great  importance,  although  in 
a  general  sense,  perhaps,  it  mattered.  The  figures 
showed  that  well  under  one  ton  of  coal  was  used 
per  ton  of  crude.  He  had  worked  out  one  set  of 
figures,  and  they  showed  that  for  362  tons  of 
crude  the  coal  consumption  was  190  tons.  That, 
however,  did  not  cover  the  whole  question  of  fuel 
efficiency,  because  the  coal  did  not  include  the  steam 
for  the  concentration  of  some  portion  of  the 
"  weaks  "  (i.e.,  weak  liquors  condensed).  Generally 
speaking,  however,  they  worked  to  a  very  fair 
degree  of  efficiency  with  fuel.  The  question  of 
sodium  chloride  coming  over  he  did  not  think  he 
could  answer.  He  had  wondered  himself  what  was 
the  real  reason  for  this.  In  the  case  of  distillation 
from  an  ordinary  crude  containing  about  10% 
of  common  salt,  the  usual  thing  on  the  first 
distillation  was  to  find  about  0"02  %  of  sodium 
chloride.  Although  that  was  a  very  small  figure,  it 
was  too  much  for  some  technical  operations.  He 
rather  thought  it  was  due  to  entrainment,  but 
he  would  not  like  to  say  definitely,  because  there 
were  some  curious  contradictions  in  the  matter.  The 
bulk  of  the  sodium  chloride  was  found  in  the  first 
two  condensers,  and  a  very  small  proportion  after- 
wards.    With  regard  to  Mr.  Pooley's  other  point, 

Mr.  Gray  said  that  on  second  distillation  he 
found  it  was  easily  possible  to  approach  99'5% 
yield — i.e.,  redistilling  the  worst  distillate 
theoretically.  In  connexion  with  the  final  portion 
of  Mr.  Pooley's  question,  he  had  been  to  the  trouble 
to  collect  over  a  long  period  a  few  tons  of  weak 
liquor  from  the  barometric  condenser,  which  he 
boiled  and  boiled  and  boiled,  and  the  amount  of 
glycerin  produced  was  of  no  real  value. 

In  connexion  with  Mr.  Parrish's  remarks  about 
oil  heating,  Mr.  Gray  said  he  had  tried  to  make  it 
clear  in  his  rough  drawing  that  he  did  not  depend 
upon  a  direct  flame.  It  was  merely  hot  air.  He 
would,  however,  consider  the  hot  oil  suggestion. 

In  answer  to  Prof.  Hinchley,  Mr.  Gray  said  that 
steam  is  absolutely  essential  to  the  distillation  of 
glycerin. 

A  hearty  vote  of  thanks  was  accorded  the  author 
at  the  conclusion  of  the  discussion. 

On  the  motion  of  Mr.  Gee,  a  vote  of  thanks  was 
passed  to  Mr.  Reavell  for  presiding  at  the  meeting, 
and  the  Conference  closed. 


THE    DE-WATERING    OF    PEAT    BY 
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Peat  is  a  material  which  occurs  in  extraordinarily 
large  areas  all  over  the  world,  and  is  formed  by  the 
decomposition  of  plants  in  the  absence  of  air. 

The  quality  of  the  peat  is  determined  by  the 
character  of  the  plants  which  led  to  its  formation, 
the  latitude  of  the  place  and  the  geological  forma- 
tion of  the  country. 

Since  water  forms  the  medium  by  which  contact 
with  air  is  prevented,  the  country  where  the  peat 
accumulates  is  shaped  like  a  basin,  and  the  sub- 
soil consists  of  an  impermeable  layer  of  clay  or 
similar  material. 

It  will  be  realised  that  there  is  enormous  varia- 
tion, both  chemically  and  physically,  in  the  quality 
of  peat  from  different  bogs,  and  any  discussion  on 
the  treatment  of  peat  cannot  be  exact  in  a  general 
way,  since  the  behaviour  of  the  peat  from  different 
districts  must  vary  considerably.  Peaty  matter 
contains  on  an  average,  when  free  from  moisture, 
about  58  %  of  carbon,  the  remainder  being  mainly 
hydrogen  and  oxygen,  and  according  to  the 
conditions  under  which  the  deposit  is  formed, 
associated  ash  may  vary  from  0'5  to  20  or  30%.  It 
is  obvious  that  peat  will  contain  such  chemical 
substances  (or  their  decomposition  products)  which 
characterise  the  plants  from  which  it  is  produced, 
and  it  is  found  that  while  some  peats  contain  as 
nmch  as  10%  of  waxes,  resins,  etc.,  others  may 
contain  less  than  1%  of  these  substances.  As  a 
general  rule  peat  contains  less  sulphur  than  the 
plants  from  which  it  is  derived,  and  it  is  interesting 
to  note  that  this  elimination  of  sulphur  may  often 
be  observed  in  peat  bogs.  In  the  Doncaster  Bog, 
for  example,  the  light-coloured  peat  which  is  found 
near  the  surface  of  the  bog  is  continually  giving  off 
sulphurous  gases,  while  the  black  peat  immediately 
under  it  is  absolutely  free  from  smell. 

On  account  of  its  comparative  freedom  from 
sulphur,  and  its  well-divided  condition,  dry  peat 
burns  with  higher  efficiency  in  furnaces  than  coal 
and  does  not  seriously  attack  the  metal  parts  of 
the  plant.  On  this  account  peat-fired  plant  has  a 
lower  rate  of  depreciation  than  coal-fired  apparatus. 
Peat  carbon  is  a  valuable  raw  material  in  industry, 
and  it  is  possible  to  obtain  from  it  an  almost 
chemically  pure  carbon.  Its  finely-divided  con- 
dition makes  it  most  convenient  also  for  the  manu- 
facture of  decolorising  and  activated  carbons.  Raw- 
peat  in  fairly-drained  bogs  usually  contains  from  85 
to  90%  water,  i.e.,  each  part  of  the  dry  substance 
is  associated  with  from  6  to  9  parts  of  water.  The 
peat  also  contains  a  quantity  of  colloidal  material 
which  is  useful  in  some  processes  for  the  utilisation 
of  peat,  whilst  in  other  processes  steps  are  taken 
to  destroy  it.  The  shrinkage  of  air-dried  peat  as 
cut  from  the  bog,  on  account  of  the  presence  of  this 
colloidal  material,  is  generally  about  70%. 

Up  to  the  present,  the  only  methods  of  utilising 
peat  which  have  persisted  have  depended  upon  air- 
drying.  The  simplest  process  consists  of  exposing 
sods  cut  from  the  peat  bog  to  the  air  for  a  sufficient 
length  of  time.  Variations  of  this  process  consist 
in  "  kneading  "  or  "  masticating  "  the  peat  in  such 
a  way  that  the  plasticity  is  increased;  so  that,  on 


drying,  the  contraction  is  greater  and  the  density 
of  the  final  product  is  raised. 

As  peat  occurs  in  the  bog,  it  may  be  taken, 
roughly,  that  one  cubic  metre  of  peat  weighs 
1000  kg.  (say  one  ton),  and  as  in  the  course  of 
drying,  contraction  takes  place,  the  density  of  the 
final  peat  may  vary  from  0-2  to  1.  It  is  obvious  that 
the  quality  of  the  peat  will  vary  with  its  depth  from 
the  surface  of  the  bog,  the  upper  layers  or  youngest 
peat  being  most  fibrous  and  the  oldest  peat,  that 
at  the  bottom  of  the  bog,  being  most  decomposed. 
At  the  same  time,  owing  to  the  water-logged  con- 
dition of  the  bog,  the  lower  layer  will  not  only 
be  more  decomposed,  but  may  contain  colloidal 
material  washed  from  the  other  layers.  The 
density  of  the  dried  peat  from  the  lower  layers  on 
account  of  pressure  will  be  much  greater  than  that 
from  the  upper  layers,  while  the  content  of  water 
is  usually  less.  Peat  from  the  upper  layers  of  many 
bogs  is  of  a  fibrous  character,  and,  after  drying, 
makes  a  most  useful  "  litter  "  for  animals,  and 
the  dust  gives  a  packing  for  fruit  and  similar  goods. 
The  products  of  the  decomposition  of  the  vegetable 
matter  have  disinfectant  properties,  which  render 
the  material  of  extremely  great  value  for  these 
purposes,  whilst,  after  use,  it  is  available  as  a 
manure. 

The  efficiency  of  methods  of  obtaining  peat  by 
air-drying  is  limited  by  the  character  of  the 
climate,  and  in  few  cases  can  more  than  two 
"  crops  "  per  year  be  obtained.  It  is  obvious, 
therefore,  that  the  commercial  utilisation  of  peat 
can  only  be  small,  since  the  rate  of  working  from 
a  bog  is  so  slow.  Attempts  have  been  made  and 
very  large  sums  of  money  have  been  lost  in  machine- 
devices  for  drying  peat  at  a  sufficiently  rapid  rate 
to  produce  commercially  an  industrial  fuel  or  other 
industrial  products. 

Now  the  calorific  value  of  ashless,  dried  peat  is. 
at  the  most,  6000  calories  per  kg.  The  best  British 
peats  have  a  calorific  value  of  about  5500  calories 
per  kg.  The  calorific  value  of  peat  as  burnt  in 
furnaces  is  somewhat  lower  than  this,  on  account 
of  the  "  equilibrium-moisture  "  associated  with  it, 
and  may  generally  be  taken  at  about  3500  calories 
per  kg.  Of  all  the  processes  for  the  rapid  drying 
of  peat,  it  will  be  clear  without  much  consideration 
that  a  direct  drying  operation  could  not  be  a  com- 
mercial success.  In  the  best  drying  plants  at  least 
600  calories  is  required  for  the  evaporation  of  one 
kg.  of  water,  so  that  the  association  of  1  kg.  of 
peat  with  6  kg.  of  water  would  mean  that  the  whole 
of  the  heat  energy  available  from  the  peat  on  com- 
bustion would  be  required  for  its  drying.  Recently, 
the  problem  of  drying  by  direct  heat  has  been 
resuscitated  through  the  development  of  the  "  heat 
pump  evaporator."  Heat  pump  evaporators  are 
now  made  which  may  be  depended  upon  to 
evaporate  at  a  rate  such  that  1  kg.  of  steam  will 
evaporate  4  kg.  of  water.  Whether  this  process 
can  be  applied  to  such  a  material  as  peat  is 
extremely  doubtful,  since  the  difficulties  associated 
with  evaporating  liquids  in  such  apparatus  are 
enormously  increased  with  a  material  like  peat. 
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The  :iutlmr  lias  been  engaged  for  several  years 
past  on  methods  ol  de-watering  prat  by  pressure 
and  is  convinced  that  such  methods  offer  an  attrac- 
tive commercial  solution  of  the  problem. 


Curves  showing  change   in   pressure, 
i  ahe,  flow  of  water. 
Charge    36  lb    BO  6% 
I   iki  a   28  5  lb    71-1  to  7(1-6%. 
C  »ld  pressing. 
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Fig.  1. 

In  drying  peat  by  heat  or  by  air-drying  processes, 
the  presence  of  the  colloidal  matter  may  be  a  dis- 
tinct advantage,  but  in  getting  rid  of  the  water  by 


water  is  reduced  to  devising  a  ohanical  process 

winch  shall  not  only  be  practical  but  will  pay. 

It  lias  been  stated  that  the  percentage  ol  water 
in  peat  as  it  occurs  in  a  drained  bog  is  usually 
from  85  to  90  .  By  a  simple  pressing  operation  in 
the  coldj  which  can  he  carried  oul  by  means  ol  a 
"  squeezing-conveyer  "  at  the  hue  itself,  this  per- 
centage ol  water  may  l>e  reduced  to  from  80  to 
81%,  or  four  part-  ol  water  to  one  part  ol  peat.  A 
pressure  of  50  lb.  per  Bq.  in.  is  necessary  and  the 
time  of  application  will  depend  on  the  fchickm      ol 

the  layer. 

Practical  experiment  by  the  author  has  shown 
that  in  suitable  apparatus  it  is  not  necessary  to 
destroy  entirely  the  colloidal  matter  present  in  the 
peat  to  remove  the  water  successfully  by  pressure 
down  to  approximately  50%.  Ekenberg  has  stated 
that  a  temperature  of  over  150°  C.  is  required  for 
this  purpose.  The  author  has  found,  however,  that 
temperatures  approaching  the  boiling  point  of 
water  are  sufficient  provided  that  suitable  appara- 
tus is  used. 

The  work  of  the  author  has  been  carried  out  in 
a  press,  which,  from  a  mechanical  point  of  view, 
may  be  seriously  criticised,  but  from  a  practical 
point  of  view  is  extremely  effective  and  efficient. 
Experiments  on  this  small  press  showed  that  after 
warming  to  the  boiling  point  of  water,  suitably 
applied  pressure  rising  slowly  to  half  a  ton  per 
sq.  in.  reduced  the  water-content  of  Norfolk  peat 
below  50  .  In  some  of  the  experiments  with  cer- 
tain Norfolk  peats  a  figure  of  35  was  obtained, 
but  generally  the  figure  was  42  to  45%.  It  will  be 
obvious    that    the   final    percentage    of   water   will 


Fig.  2. 


pressure,  the  presence  of  this  material  is  a  most 
serious  objection,  and  methods  have  to  be  adopted 
by  which  it  is  completely  or  largely  destroyed.  Both 
extreme  cold  and  heat  are  capable  of  bringing  about 
this  result,  and  the  problem  of  getting  rid  of  the 


depend  upon  many  factors,  but  mainly  upon  the 
original  vegetation  from  which  the  peat  was  formed 
and  its  age. 

With    peat    from   the   Doncaster   district    a   final 
moisture  content  of  55  i  was  found  to  be  the  limit. 
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.uul  in  experiments  with  peat  from  other  districts 
in  this  country  a  is  found  that  the  lower  limit  for 

practical  purposes  varies  from  about  40  to  SS  of 
moisture. 

With  regard  to  the  cold  pressing  of  peat,  it  is 
desirable  to  know  to  what  extent  cold  pressing  can 
be  applied,  and  Fig.  1  is  a  curve  obtained  in  experi- 
ments on  Somerset  peat,  from  which  it  will  be 
seen  that  at  a  pressure  ol  nearly  800  lb.  per  sq.  in. 
and  pressing  under  the  very  best  conditions  the 
percentage  ol  water  was  only  reduced  to  an  average 
of  about   75  The  press  used  is  shown   in  Fig.  2 

mounted  at  the  works  of  Armstrong,  Whitworth  and 
Co.  The  stroke  of  this  press  was  18  in.  and  the  area 
of  the  pistons  120  sq.  in.,  the  width  of  the  cake 
being  5  in. ;  the  head  and  piston  of  the  press  were 
solid,  and  the  sides  of  the  press  were  formed  of 
filtering  surfaces  consisting  of  tinned  steel  wire 
gauze. 

It  will  be  noticed  from  the  curve  that  the  par- 
ticular peat  used  on  that  occasion  did  not  part 
with  any  water  until  a  pressure  of  150  lb.  per  sq.  in. 
had  been  reached.  On  examination  of  the  press 
alter  the  cold  pressing  was  concluded,  it  was  found 
that  the  filtering  surface  was  completely  choked, 
and  that  a  considerable  amount  of  work  in  clean- 
ing was  necessary  before  the  press  could  be  used 
again. 

As  already  stated,  the  sides  of  the  chambers  were 
provided  with  filtering  material,  and  the  mechanical 
construction  of  this  part  of  the  press  calls  for  a 
great  deal  of  ingenuity  in  order  that  the  filtering 
surfaces  of  large  presses  can  be  renewed  without 
much  loss  of  time.  The  pistons  slide  on  strips  of 
metal  which  are  used  to  hold  the  filtering  surfaces 
in  position,  and  at  the  same  time  protect  the  filter- 
ing surface  from  wear  from  the  piston  itself.  Non- 
it  will  be  noticed  that  in  this  method  of  working 
the  direct  pressure  of  the  press  does  not  come  upon 
the  filtering  surface.  During  no  part  of  the  process 
of  pressing  does  the  peat  behave  as  a  fluid,  and 
only  to  some  extent  does  it  behave  as  a  semi-fluid. 
There  is  little  doubt,  however,  that  near  the  end 
of  the  stroke  of  the  press  the  lateral  pressure  is 
not  more  than  one-third  of  the  vertical  pressure, 
whilst  at  the  beginning  of  the  pressing  the  lateral 
pressure  near  the  piston  is  about  four-fifths. 
Arrangements  are  made  in  the  press  so  that  steam 

Curves  showing  change    in    pressure,    thickness  of 
cake,  flow  of  watt  r. 

Charge  38  lb.    54-4  to  80%. 
Cakes  19  lb.   54-4  to   59-0  %. 
Steamed  for  2  mins. 


IB  20 

Time  in  minutes. 

Fig.  3. 

may  pass  through  one  filtering  surface  and  dis- 
charge through  the  opposite  filtering  surface  and 
vice  versa.  At  the  same  time  when  the  press  is  full 
of  peat  the  admission  of  steam  may  be  used  to  blow 
out  any  accumulation  of  deposit  at  the  back  of  the 


filtering  surfaces.  It  will  be  realised,  therefore, 
that  the  surface  of  the  peat  nearest  the  filtering 
surface  is  submitted  to  the  highest  temperature 
conditions,  and  that  normally  in  a  pressing  opera- 
tion the  colloidal  matter  in  the  centre  oi  the  cake 
is  only  partially  destroyed,  while  that  nearest  the 
filtering  surface  is  wholly  destroyed. 

The  operation  of  pressing  in  this  little  press  may 
be  completed  in  from  20  nuns,  to  hali  an  hour,  and 
in  the  first  two  minutes  of  this  operation  the  steam 
ing  may  take  place.  Visible  steam  is  not  produced. 
The  curves  (Fig.  3)  show  a  typical  hot  pressing  ol 
Somerset  peat  by  which  the  percentage  ot  water  was 
reduced  from  80%  to  about  57%.  On  comparing 
the  curves  of  Fig.  3  with  Fig.  1  it  will  be  noticed 
how  the  water  curve  lies  much  above  the  pressure 
curve  in  the  latter  case,  and  it  will  also  be  realised 
that  the  pressure  necessary  is  now  less  than  500  lb. 
per  sq.  in.  Now  the  reduction  of  water  content 
from  80  to  60%  means  that  one  part  of  peat  asso- 
ciated with  four  parts  of  water  has  become  one  part 
of  peat  associated  with  one  and  a  half  parts  of 
water,  that  is,  bv  this  process  of  pressing  two  and 
a  half  parts  of  water  associated  with  the  peat  have 
been  eliminated.  The  cost  of  a  press  and  its  wear 
and  tear  are  not  such  serious  matters  with  pressures 
up  to  500  lb.  per  sq.  in.  as  with  pressures  formerly 
considered  necessarv.  The  reduction  of  the  water 
content  from  55  or  60%  to  25  or  30%  is  not  a  very 
serious  problem,  although  at  first  sight  it  would 
appear  so.  To  begin  with,  the  peat  cakes  are  dis- 
charged from  the  press  at  a  temperature  of  about 
95°  C,  and  in  cooling  down  to  the  ordinary  tem- 
perature while  exposed  in  a  suitable  way  to  the 
air,  the  actual  water  content  is  reduced  nearly  to 
50%.  The  further  drying  to  30%  (the  usual  air- 
dried  peat  figure)  may  be  carried  out  in  the  course 
of  4  or  5  hours  by  passage  through  a  long  tunnel 
dryer  the  air  of  which  is  heated  by  the  waste  heat 
from  the  power  plant. 

A  simple  estimation  of  the  amount  of  energy 
required  to  carry  out  this  pressing  operation  is 
desirable.  In  the  first  instance,  at  the  factory  one 
part  of  peat  is  associated  with  four  parts  of  water, 
and  it  may  be  taken  that  to  heat  this  material  to 
100°  C.  about  320  calories  per  kg.  of  dry  peat 
present  would  be  required.  Assuming  that  the 
dried  peat  had  a  calorific  value  of  5000  calories 
per  kg.,  this  means  that  between  6  and  7  !  of  the 
energy  of  the  peat  is  required  for  this  process. 
If,  however,  air-dried  peat  with  a  calorific  value  of, 
say.  3500  calories  is  being  burnt  in  the  power 
plant,  this  would  be  equivalent  to  9%  of  the  heat 
energy  available  from  that  peat.  Assuming  that 
the  power  plant  has  an  efficiency  of  50%,  which 
ought  to  be  a  sufficiently  conservative  value,  this 
would  mean  that  20%  of  the  energy  of  the  peat 
would  be  required  for  the  steaming  process. 

The  cost  of  the  pressing  processes  in  heat  energy 
is  readily  reckoned,  and  will  be  found  to  be 
approximately  0'7%  of  the  beat  energy  contained 
in  the  peat.  Since,  however,  hydraulic  plant  is 
notoriously  inefficient.  7  times  this  value  may  be 
taken  as  a  figure  certain  to  be  realised,  and  it  may 
be  assumed  that  not  more  than  5%  of  the  energy 
of  the  peat  will  be  needed  for  the  pressing  opera- 
tions. These  considerations  show  that  one  quarter 
(20% +5°  )  of  the  peat  produced  must  be  burnt  in 
the  power  plant  to  produce  the  energy  necessary 
for  the  process,  three-quarters  of  the  production 
being  available  for  the  market  or  other  purposes. 

The  little  press  illustrated  has  been  worked  for 
six  weeks  continuously  without  any  difficulty  with 
the  filtering  surfaces  and  with  practically  no 
variation  in  its  performance.  It  was  designed  after 
several  years  of  experiment  as  a  small  portion  of  a 
larger  commercial  press  of  six  chambers  to  take  a 
charge  of  \\  tons  per  operation.  Such  a  press  with 
accessories  would  cost  about  £2000.  and  would  treat 
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about  60  tons  of  80,>o  peat  per  day  of  24  hours, 
yielding  30  tons  of  peat  cake  and  about  20  tons  of 
dried  peat  per  day,  of  which  5  tons  would  be  burned 
in  the  power  plant,  giving  a  net  yield  of  15  tons 
per  day. 

The  commercial  efficiency  of  this  process  is  bound 
up  with  that  of  the  method  of  obtaining  peat  from 
the  bog. 

This  subject  is  an  extremely  wide  one,  but  it  may 
be  assumed  that  with  a  project  of  reasonable  size, 
the  modern  excavator  or  a  modification  of  the 
dredger  would  give  that  low  cost  of  winning  from 
the  Dog  that  is  necessary. 

The  present  wages  cost  of  cutting  peat  on  the 
peat  moors  of  England  by  hand-labour  amounts  to 
approximately  80d.  per  ton  of  product,  viz.,  air- 
dried  peat.  Since,  however,  at  the  present  time  it 
is  common  to  find  such  peat  lying  as  long  as  two 
years  before  being  removed  from  the  drying  ground, 
the  total  cost  of  producing  air-dried  peat  must  be 
very  high.  Peat-cutters  are  usually  skilled  work- 
men and  are  paid  at  a  very  good  rate  (approx.  10s. 


less  than  4s.  6d.     It  would  be  possible,  therefore, 
to  sell  such  dried  peat  at  the  factory  at  15s.  a  ton. 

One  of  the  drawbacks  of  air-dried  peat  is  the 
fact  that  its  bulk  density  is  so  low.  This  criticism 
does  not  apply  to  peat  which  has  been  dried  by 
pressure.  In  this  case  the  density  is  usually  raised 
nearly  to  that  of  water — about  60  lb.  per  cubic 
foot.  The  density  will  vary  somewhat  with  different 
peats  on  account  of  the  fact  that,  although  the 
pressure  used  increases  the  density  considerably,  a 
further  contraction  takes  place  in  the  final  drying 
operation,  and  this  is  determined  by  the  residue  of 
colloidal  material  present  in  the  cake.  This 
increased  density  is  particularly  valuable  and 
facilitates  the  manufacture  of  household  fuel  or  of 
peat  charcoal  from  the  product.  Dried  peat 
possesses  a  definite  "equilibrium  moisture  "  which 
varies  according  to  its  origin.  On  the  peat  bogs 
themselves  the  "  equilibrium  moisture  "  is  generally 
in  the  neighbourhood  of  25 ' ' ,  while  in  London  the 
figure  is  approximately  15%.  A  good  fuel  should 
be   as   free   from  moisture   as   possible,    and   many 


Fig.  4. 


per  day).  The  figure  in  Somerset  is  £23  per  acre, 
the  acre  being  only  a  small  portion  of  the  total  peat 
present,  the  actual  amount  obtained  per  acre  being 
about  60  tons  of  air-dried  material. 

The  application  of  simple  machinery  to  this 
process  as  operations  become  greater  would  mean 
at  once  a  reduction  in  wages  cost  of  about  half 
that  given,  and  the  use  of  dredgers  and  excavators 
would  reduce  this  cost  to  about  one-eighth  of  the 
hand-cutting  figure.  It  is  obvious,  therefore,  that 
the  actual  cost  of  production  of  dried  peat  will 
depend  very  largely  upon  the  outputs  determined 
upon. 

Careful  estimates  made  of  the  cost  of  production 
of  peat,  taking  reasonable  figures  for  the  winning 
process  at  the  bog  according  to  the  size  of  the 
operations  involved,  reveal  the  fact  that  the  cost 
of  dried  pressed  peat  by  this  process  would  mean,  in 
the  case  of  a  one-press  plant,  17s.  6d.  per  ton ;  with 
three  presses,  the  figure  is  immediately  reduced  to 
7s.  3d.  ;  with  five  presses  6s.  ;  whilst  with  a  ten- 
press  plant  the  cost  of  production  would  be  slightly 


methods  have  been  proposed  for  semi-carbonisation 
to  be  followed  by  a  briqueting  process  by  which  a 
permanent  dry  fuel  can  be  obtained. 

That  this  process  of  pressing  can  be  carried  out 
on  a  large  scale  has  been  demonstrated  by  means 
of  a  large  press  which  was  erected  at  Stockton  two 
or  three  years  ago.  This  press  was  designed  to 
handle  slurry  peat;  the  chambers  had  a  width 
of  4  in.,  a  height  of  4  ft.  6  in.,  and  a  stroke 
of  3  ft.  9  in.  Fig.  4  is  a  photograph  of  the  press 
as  it  appeared  at  the  works  of  the  Power  Gas 
Corporation,  Stockton-on-Tees.  The  press  was  in- 
tended to  extrude  the  material  after  pressing  so 
that  it  should  be  continuous  in  operation.  It  was 
found,  however,  that  the  rate  of  working  the  slurry 
peat  was  too  slow  on  account  of  the  immense 
amount  of  water  which  had  to  be  driven  through 
the  filtering  surfaces.  The  press  was  therefore 
worked  by  the  method  already  described,  for  which 
it  was  not  well  adapted,  that  is,  semi-wet  peat  was 
treated.  This  operation  was  remarkably  successful, 
and  peat  cakes  were  produced  from  Norfolk  peat 
having  a  moisture  content  of  45%. 
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Discussion. 

Dr.  R.  LESSING  said  that  from  the  nature  of  peat 
it  was  not  likely  that  they  would  be  dealing  frith 
water  at  all  but  with  a  solution  of  salts  and  also 
of  organic  matter,  particularly  colloidal  matter, 
and  it  seemed  to  him  that  the  nature  of  that  solu- 
tion must  have  a  very  great  bearing  on  the  possi- 
bility of   freeing  the  peat  from  water. 

Mr.  P.  P.viiiusn  said  that  in  connexion  with  the 
sale  of  bog  ores  and  oxides  of  iron,  the  practice  had 
been  adopted  that  all  expressions  should  be  based 
on  the  dry  basis  in  order  that  a  true  indication 
might  be  arrived  at  as  to  the  moisture  content. 
Referring  to  some  peat  deposits  about  40  miles  from 
Melbourne,  where  there  were  something  like  23  mil- 
lion tons  of  peat  of  a  most  peculiar  structure  and 
origin,  Mr.  Parrish  said  it  existed  quite  adjacent 
to  the  sea  and  might  be  described  as  a  vegetable 
peat  which  was  a  kind  of  guano;  when  dried  and 
distilled  it  gave  from  18,000  to  19,000  B.Th.U.  pet- 
ton  and  a  low  grade  gas  of  250  B.Th.U.  per  cb.  ft., 
and  about  100  to  120  lb.  of  sulphate  of  ammonia 
per  ton,  and  yet  it  was  impossible  to  work  this 
material  on  an  economical  basis  simply  by  reason 
of  the  peculiar  structure  and  the  way  in  which 
water  appeared  to  be  occluded  in  certain  colloidal 
matter.  Humic  acid  occurred,  and  it  was  a  matter 
to  which  attention  should  be  directed.  Could  Pro- 
fessor Hinchley  say  anything  with  regard  to  the 
de-watering  of  the  top  layers  of  peat  which  was 
interesting  a  good  many  people  in  this  country? 

Mr.  Colin  Sutton  asked  if  the  process  described 
in  the  paper  could  be  used  for  dealing  with  sewage 
sludge. 

Mr.  Radcliffk,  secretary  of  the  Manchester 
Section  of  the  Society  of  Chemical  Industry,  said 
he  had  some  experience  with  Irish  peat  from  the 
North  of  Ireland,  and  the  experience  there  was  that 
the  humic  acid  content  of  peat  differed  according  to 
the  depth  to  which  the  peat  was  worked.  It  was 
also  found  that  the  liquid  from  the  peat  varied 
according  to  the  depth.  Further,  there  was  also 
a  very  considerable  difference  in  the  preservative 
properties  of  peat  according  to  the  depth  from 
which  it  was  taken;  Irish  peat  possessed  most 
extraordinary  preservative  properties. 

Mr.  A.  J.  Broughall  asked  if  the  principle  of 
vacuum  drying  had  been  applied  to  this  problem, 
because  it  seemed  to  offer  great  possibilities.  He 
wondered  if  the  question  of  air  bubbles  had  been 
considered,  because  it  seemed  to  him  that  in  peat 
a  great  deal  of  air  must  be  locked  up,  and  the 
existence  of  these  air  bubbles  on  the  edge  of  the 
cake  might  retard  the  flow  of  water  from  inside. 

Dr.  Reilly,  speaking  with'  regard  to  the  dis- 
infecting nature  of  the  material  from  peat,  said 
that  before  the  war  at  the  Portadown  works  for 
the  production  of  producer  gas  from  peat,  Professor 
Morgan  obtained  a  large  number  of  peat  tars  which 
contained  phenolic  bodies  which  were  quite 
different  from  what  was  obtained  from  coal.  AVork 
on  these  was  not  continued,  and  he  did  not  know 
whether  these  disinfecting  bodies  were  in  the 
original  peat. 

The  Chairman  said  he  had  hoped  that  some  ques- 
tions would  have  been  asked  about  the  heat  pump. 
As  to  the  actual  pressing,  he  understood  that  it 
was  very  difficult  to  get  equal  pressure  all  over  the 
surface  of  the  cake,  particularly  a  cake  of  the  size 
dealt  with  in  this  case,  and  he  would  like  to  know 
if  any  careful  investigations  have  been  made  to  find 
out  the  percentages  of  moisture  as  they  were  distri- 
buted throughout  the  cake,  because  he  should 
imagine  that  there  would  be  portions  relatively  dry 
and  other  portions  containing  a  considerable 
amount  of  moisture.  A  press  had  recently  been 
invented  by  one  named  Humphrey — he  believed  a 
brother  of  the  inventor  of  the  Humphrey  pump — 


which  gave  equal  pressure  all  over,  and  it  was 
entirely  different  from  any  press  he  had  seen.  Some 
remarkable  results  had  been  shown  to  him  with 
this  press,  and  the  great  claim  for  the  press  was 
that  it  gave  absolutely  equal  pressure  all  over  the 
cake. 

Professor  Hixciii.kv,  in  reply,  stated  that  there 
must  be  a  variation  of  moisture  in  the  cake,  for 
many  reasons.  The  application  of  pressure  to  the 
material  by  filtering  surfaces  would  cause  a  flow 
of  liquid  through  these  filtering  surfaces.  On 
account  of  consolidation  through  pressure  and  loss 
of  liquid  and  variation  of  pressure  in  the  cake 
through  internal  friction,  and  also  the  fact  that 
equilibrium  is  never  obtained,  the  moisture  in  the 
middle  of  the  cake  may  be  over  5  per  cent,  greater 
than  that  near  the  sides.  One  thing  must  be 
avoided,  namely,  that  the  rate  of  flow  through  the 
outer  layers  be  not  greater  than  the  rate  of  flow 
from  the  middle  of  the  cake,  or  the  formation  of 
an  impervious  crust  will  take  place  and  the  opera- 
tion will  fail.  On  this  account  the  rate  of  increase 
of  pressure  needs  careful  adjustment  and  control. 
The  question  of  securing  a  uniform  pressure  all 
over  the  cake  was  a  matter  well  worth  considera- 
tion; on  the  other  hand,  it  was  one  of  those  minor 
points  which  did  not  affect  the  work  very  seriously. 
He  worked  with  a  pressure  of  from  400  to  800  lb. 
per  square  inch,  and  the  variation  in  pressure  from 
the  top  to  the  bottom  of  the  cake  was  in  the  neigh- 
bourhood of  50  lb. 

The  most  economical  way  of  working  in  the 
present  case  was  to  use  a  maximum  pressure  of 
500  lb.  per  square  inch.  The  press  mentioned  by 
the  chairman  worked  with  toggle  joints.  The 
difficulties  with  such  a  press  were  far  greater  than 
the  difficulties  introduced  by  the  ordinary  hydraulic 
press.  Hydraulic  presses  on  this  work  had  been  in 
operation  for  three  years  and  the  differences  in 
the  results  were  negligible. 

As  to  peat  tars  these,  he  was  convinced,  would 
become  a  big  commercial  proposition  in  a  few  years. 

He  was  not  particularly  enamoured  of  vacuum 
drying,  and  from  the  results  he  had  seen  he  had 
come  to  the  conclusion  that  vacuum  drying  was  not 
quite  the  wonderful  thing  that  it  might  appear. 
As  to  variation  in  quality  with  the  depth  of  the 
peat,  mentioned  by  Mr.  Radcliffe,  the  last  layer 
of  peat  was  a  slurry,  and  it  was  better  to  leave  it. 
A  good  reason  for  not  taking  out  the  lowest  layer 
was  that  by  doing  so  the  ground  was  not  so  readily- 
available  again  for  agricultural  purposes.  Most 
of  the  experiments  were  done  with  peat  6  ft.  or  8  ft. 
down.  As  to  sewage  sludge,  he  had  not  gone  into 
that,  but  it  appeared  to  be  much  the  same  as  the 
lower  layers  of  peat  to  which  he  had  referred.  With 
regard  to  the  terminology  in  the  paper,  he  did  not 
apologise  for  the  terms  he  used.  The  peat  men- 
tioned by  Mr.  Parrish  did  not  come  within  the 
scope  of  the  investigations  he  had  been  doing  and 
would  not  work  at  all.  There  had  been  a  great 
number  of  centrifuges  tried  for  peat,  but  invariably 
they  had  been  failures.  The  "  Gee  "  centrifuge  was 
a  larger  machine  working  successfully,  but  when 
they  considered  the  putting  through  of  several 
hundred  tons  of  peat  in  a  centrifuge  they  would 
realise  the  size  of  the  plant  required  and  the  capital 
involved.  He  did  not  think  the  solution  of  the  peat 
problem  lay  with  the  centrifuge.  As  to  working 
in  two  stages,  as  mentioned  by  Mr.  Parrish,  the 
process  described  in  the  paper  actually  worked  in 
three  stages.  As  to  the  nature  of  the  filter  surface, 
it  was  a  special  metallic  gauze.  The  actual  loss 
of  peat  in  the  water  given  off  was  negligible,  but 
there  was  a  great  deal  of  work  necessary  in  the 
investigation  of  the  constitution  of  peat,  and  for 
that  reason  it  was  best  to  commence  the  work  on 
a  small  scale  before  dealing  with  it  on  the  large 
commercial  scale. 
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